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Declaration 
The work presented here has not been submitted for any other University award. 
The work was carried out as part of the author's duties as an employee of the Natural 
Environment Research Council at the Institute for Marine Environmental Research 
(IMER), Plymouth between 1981 and 1988 and at the Plymouth Marine Laboratory 
(PML) from 1988 onwards. 
As a member of the Continuous Plankton Recorder (CPR) Survey analysis team the 
author analysed a proportion of the CPR samples taken in the periods 1981-1983 and 
1989. The reanalysis of samples containing Decapoda and identifications, detenninations 
of developmental stage and measurements and processing of the resulting data and 
preparation of papers (Lindley 1987, Lindley 1992, Lindley et al.l993), were the author's 
own work exclusively. 
The author participated in a research cruise in the Celtic Sea in June 1983. The objective 
of the cruise was to study the ecology of mackerel spawning and the distributions of -4 
mackerel eggs and larvae. Decapod larvae were extracted from fresh plankton samples for 
determination of dry weight and elemental composition during the cruise and from 
Longhurst-Hardy Plankton Recorder (LHPR) samples for analysis of vertical 
distributions (Lindley, 1986). 
During a PMLIMAFF programme the author participated in sampling in the Irish Sea in 
April 1988 and in the North Sea in June. In addition to processing and partially analysing 
some LHPR samples during the cruise further decapods were extracted from fresh hand 
net samples for dry weight and elemental composition analysis. Decapoda were sorted 
from the samples during the routine processing those from the LHPR hauls taken in the 
Irish Sea in 1988 and selected hauls from the North Sea in June 1989 were identified to 
provide the basis for Lindley et al. (1994). 
The dry weight and elemental composition data from the cruises and from samples taken 
opportunistically in the Plymouth area together with data on temperature dependant 
development times from the literature provided the material on which Lindley ( 1988, 
1990 and 1998 were based. 
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r Abstract 
The geographical distributions and seasonal occurrences of decapod larvae and 
pelagic post-larvae in continuous plankton recorder (CPR) samples over a 3-year period 
were analysed and described. During this period, the survey covered large areas of the 
north-eastern Atlantic Ocean and adjacent continental shelf waters, including the English 
Channel and the North, Irish and Celtic Seas. Multivariate analysis provided the basis for 
classifying the distributions of 36 of the most abundant taxa (species, genera or sub-
family) into groups. These groupings demonstrated the significance of bathymetry and 
temperature in limiting distributions. Larvae of 3 species were shown to disperse during 
development from areas where the earliest larvae occurred into areas that were 
presumably unsuitable for successful reproduction. Geographical variations in the 
seasonal timing of occurrence in the plankton of larvae of benthic decapods were 
correlated with parameters of temperature. Analysis of decapods from CPR samples in a 
subsequent anomalously warm year ( 1989) demonstrated that these correlations also 
applied to interannual variations within areas. 
Samples taken using the Longhurst-Hardy Plankton Recorder (LHPR) were 
analysed to describe vertical distributions of pelagic stages of decapods. Stratification of 
temperature, salinity and abundance of chlorophyll influenced the vertical distributions 
and die] migrations of decapod larvae. The nature and extent of that influence varied 
between taxa. For example Pagurus bernhardus zoeas were concentrated near the surface 
around the thermocline or below the thermocline according to conditions but Liocarcinus 
spp. zoeas were most abundant above or at the thermocline in all the profiles in which 
they occurred. Where ontogenetic variation was observed, later developmental stages 
generally occurred at greater depth than earlier stages. Some of the observed features of 
vertical distributions were consistent with aspects of results from the single depth CPR 
samples. 
The lengths of carapaces of specimens sorted live from the plankton were 
measured and dry weights, carbon content and nitrogen content of individual larvae were 
determined. Regressions of dry weight on carapace length, carbon weight on dry weight 
and nitrogen weight on dry weight were calculated and found to be comparable in most 
cases with published data on laboratory reared larvae. Regressions of development times 
on temperature for each stage of selected taxa with fixed numbers of developmental 
stages were derived from the literature. A method was developed for estimating biomass 
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and production of planktonic larvae, including fluxes between the benthos and plankton 
at hatching and settlement, from the results of plankton surveys using the regressions of 
dry weight on carapace length and development times on temperature. Decapoda usually 
comprised 1-8% of the dry weight biomass of zooplankton retained by a 200J.1m mesh 
from samples in the Irish Sea and North Sea in the spring. 
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Critical Appraisal 
Introduction 
The Decapoda is the most diverse sub-order of the phylum or sub-phylum 
Crustacea. Most decapod species are marine and benthic or epibenthic with planktonic 
larvae. These larvae form part of the meroplankton, and constitute up to 10% of the net 
zooplankton biomass in neritic open sea areas and may dominate the biomass in inshore 
and estuarine waters. The impact of their feeding activity and their value as a food 
resource to higher level predators are largely unquantified. The objective of the work 
submitted here was to contribute to knowledge of the ecology of larvae and pelagic post-
larvae in the seas around Britain and bases for quantifying the biomass and production of 
decapod larvae generally. 
Identification of the larvae was by reference to published descriptions and keys 
available at the time that the work was in progress. These proved inadequate to identify 
all taxa to specific level and so some specimens were referred to genus or sub-family. 
Where specimens were consistent with descriptions of species known to be members of 
the north-east Atlantic fauna then the specimens were referred to those species. Some 
specimens could be referred to genus on the basis of published criteria and were then 
tentatively referred to species from the north-east Atlantic fauna for which larval 
descriptions were not available within the genus. Examples included specimens referred 
to Bathynectes maravigna and Geryon affinis in Lindley (1987). Introduced species from 
other areas or undescribed species with larvae very similar to those of known species 
could therefore have been rnisidentified. 
The geographical distributions and seasonal occurrences of decapod larvae and 
pelagic post-larvae collected in the continuous plankton recorder (CPR) survey over a 3 
year period (1981-1983) were described by Lindley (1987). During this period, the survey 
covered large areas of the north-eastern Atlantic Ocean and adjacent continental shelf 
waters from Portugal to Iceland, including the English Channel and the North, Irish and 
Celtic Seas. Earlier publications on decapods occurring in the CPR survey had been 
confined to samples from the North Sea. Further work on decapods in the CPR survey in 
1989 by Lindley et al. (1993) gave additional information on variability in occurrence of 
the larvae in the plankton. 
A limitation of the CPR is that it samples at a single depth (of about 1 Om). 
Samples taken using the Longhurst-Hardy Plankton Recorder (LHPR) deployed from 
research vessels were analysed to describe vertical distributions of decapod larvae. The 
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first set of samples was taken in stratified waters of the Celtic Sea in June 1983 (Lindley, 
1986). A programme of sampling in the Irish Sea and North Sea through the period of the 
spring bloom provided vertical profiles in a range of conditions in seasonally stratified 
areas, permanently mixed water and in a frontal zone (Lindley et al. , 1994). 
The programme of research in the Irish and North Seas (Lindley et al., 1994) 
provided direct measurements of the dry weight biomass of decapod larvae and of each of 
the other major tax represented in the plankton samples. Decapods sorted live from 
plankton samples taken on research cruises or in the course of work in the Plymouth area 
provided material for determining the relationships between carapace length and dry 
weight of the larvae (Lindley, 1988, 1998). The carbon and nitrogen content of dried 
larvae was also analysed and compared with published data on laboratory reared larvae 
(Lindley, 1998). Length-weight regressions and published data on development times 
(Lindley, 1988, 1990) provide a basis for estimation of biomass and production from the 
results of plankton surveys (Lindley, 1988). 
Geographical Distributions 
Lindley ( 1987) provided information on the distributions of decapod larvae and 
early post-larvae in the CPR survey from a much wider geographical area than was 
available previously. Even within the North Sea earlier work had been most intensive in 
the area south of a line from the Humber to the Skagerrak whereas in 1981-83 sampling 
was more intensive north of this. The records of larvae included some from outside the 
previously published range of larval occurrences and some records extended the known 
ranges of species, for example Monodeus couchi had not been recorded previously off 
northern Scotland. 
Results of similarity analysis and multi-dimensional scaling (MDS) demonstrated 
the significance of depth or distance from the coast to the distribution. Some groupings of 
species with similar distributions were shown to be related to minimum temperatures in 
winter and in summer. The groupings in this analysis and that of vertical distributions in 
Lindley (1986) were not based on constant cut-off value in the percentage similarities in 
the dendrogram but but were subjective, depending on the coherence of clusters in the 
dendrograms and MDS ordinations. Larval distributions are dependent on the 
distributions of successfully breeding adult populations and subsequent advection in 
currents. The habitat of the adult is of prime importance to the distributions of larvae 
described from plankton samples; thus the larvae of oceanic Penaeoidea and Sergestoidea 
are limited to oceanic waters with a few occurrences where currents sweep the larvae over 
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the continental shelf. Larvae of the species characteristic of intertidal and immediately 
sub-tidal habitats such as Carcinus maenas, were found mainly where the CPR tows were 
adjacent to the coast. Apparent gaps in the larval distributions in the survey in relation to 
the known distribution of the species could be attributed to the distance of the CPR 
sample from appropriate adult habitat. The distributions of newly-hatched larvae of 3 
species of brachyuran crab, Cancer pagurus, Atelecyc/us rotundatus and Monodeus 
couchi, in the north-western North Sea provided evidence for temperature limitation to 
successful spawning but the later developmental stages were dispersed beyond these 
limits. The distributions of these species were classified within the same distribution type 
by the analysis of geographical distributions together with those of other species that 
were rare where winter temperatures were low. 
The results from the warmer conditions in 1989 (Lindley et al., 1993) led to the 
first published record of larvae of Atelecyclus rotundatus in the Southern Bight of the 
North Sea. The conclusions of Lindley (1987) with respect to the temperature limitation 
to breeding of this species were revised, indicating a limiting lower sea bottom 
temperature for July of 8°C rather than 9°C. 
Seasonal cycles 
There was considerable geographical variation m the seasonal cycles of 
abundance within taxa of decapod larvae in CPR samples in 1981-1983 (Lindley, 1987). 
Generally, there was consistency between areas in that taxa such as Munida rugosa and 
Hyas coarctatus were amongst the earliest to reach a maximum abundance, while others 
like Upogebia deltaura occurred later in the year wherever they were found . Some taxa 
occurred in the plankton for more prolonged periods in some areas than in others. For 
example, Cancer pagurus larvae were present for 8 months (February to September) in 
English Channel and Celtic Sea but for only 5 months (July to November) in the main 
body of the North Sea. In contrast Pagurus bernhardus occurred through most of the year 
in the North Sea but only through the first half of the year in seas to the south and 
southwest of Britain. These differences are interpreted as responses of the species to 
temperature. Successful hatching of C. pagurus does not occur at the temperatures usual 
in the North Sea in winter, while P. bernhardus is limited by high temperature in mid-
and late summer in the Channel and Celtic Sea. 
Geographical variations in the timing of occurrence of larvae of benthic decapods 
in the plankton were found to be correlated with parameters of temperature, particularly 
sea bottom temperature in winter, mean sea surface temperature and the timing of the 
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increase of temperature in the spring (Lindley, 1987). A unusually warm winter of 1988-
89 and continuing positive temperature anomalies in the North Sea through 1989 
presented an opportunity for a natural experiment to determine whether the conclusions 
derived from geographical variation were valid for temporal variation (Lindley et al. 
1993). The results from 1989 showed that seasonal occurrence of larvae of most decapod 
taxa in the North Sea were advanced relative to those in 1981-1983. In many cases the 
advance in timing was consistent with the linear regressions derived from the 
geographical variations of timing against the temperature parameters described above. 
These regressions can, therefore, be used to predict the effects of changing temperature 
on the seasonal timing of occurrence of larvae in the plankton. These variations in timing 
were greater than any equivalent variations in phytoplankton or holozooplankton. 
Vertical distributions 
Vertical distributions of decapod larvae were described from 21 oblique hauls 
taken with LHPRs deployed from research ships (Lindley, 1986, Lindley et al. 1994). 
Five hauls were taken at various times of day, 2 in daylight and 3 in darkness in the Great 
Sole Bank area of the Celtic Sea in June 1983 in depths of >lOOm. Thirteen hauls were 
taken in the Irish Sea in April to early June 1988. Of these 9 were at seasonally stratified 
stations, 4 in inshore areas of about 60m depth and 5 over the central basin in depths 
exceeding lOOm. Hauls in pennanently mixed waters were taken in depths of about 50m 
in April 1988 and at sites with depths of about 20rn and >60m in May 1988. Three hauls 
were taken in the North Sea in June 1989, 1 in unstratified water on a tidal front and a 
pair in stratified transitional water all in >40m depth. Twelve of the hauls from the North 
and Irish Seas comprised day/night pairs at proximate locations. These, together with the 
Celtic sea samples provided a basis for examining diel variability. 
In stratified waters of the Irish Sea at the time of the spring bloom, larvae tended 
to remain above the thermocline, even when this was a weak feature, where there was a 
near surface chlorophyll maximum >5 J..lg C1 while still undergoing a diel migration within 
this layer. In the fully mixed waters at the same time, the differences between vertical 
distributions by day and those by night were less marked. Modes of the vertical 
distributions of larvae were closer to the surface by day than by night reversing the 
nonnal pattern. In such miXed waters, physical transport of the larvae in the water column 
may overwhelm any migratory behaviour. Alternatively, turbidity maintained by the 
vertical mixing may result in absorption of most of the incoming light in the near surface 
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layers and associated behavioural responses to the light levels leading to aggregation of 
larvae nearer to the surface in daylight than would be normal in clearer water. 
Where chlorophyll levels in the surface waters were lower in areas with a stronger 
thermocline in the seasonally stratified waters, or a halocline, then normal diet migration 
with most larvae below the thermocline by day and showing some movement towards the 
surface at night was observed. An exception was Liocarcinus spp., which remained most 
common above the thermocline by day and night in the stratified North Sea waters, and 
showed no clear diel migration pattern in the Celtic Sea. These results are consistent with 
finding larger numbers of Polybiinae (mostly Liocarcinus spp.) by day than by night in 
the CPR samples (Lindley, 1987). LHPR hauls were taken near to midday in June 1988, 
in the mixed waters of the Irish Sea and in June 1989 in frontal water in the North Sea. In 
each case, the larvae were scarce close to the surface. 
Ontogenetic variations were observed in several vertical profiles. In most cases 
where there was a clear trend, the later developmental stages were generally at greater 
depth than the earlier stages. This pattern was observed only when there was stratification 
and appeared more obviously in the night samples than by day, indicating more energetic 
upward movement by the earlier stages. There were 4 cases of first zoeas (Z 1 s) occurring 
more deeply than later stages (Lindley et al. 1994). In each case, early stages dominated 
the counts in the samples and it may be that a proportion of the Z 1 s had only recently 
hatched. 
The differences in vertical distributions and migration patterns between taxa, and 
between developmental stages within taxa, have implications for interpretation of the 
results of single depth sampling with the CPR. An example is the variations in the 
vertical distributions of Pagurus bernhardus larvae. These were much more abundant in 
the near surface waters in the early spring samples than in the strongly stratified water in 
late spring. The CPR samples a larger proportion in the former case than the latter, and a 
restriction of larvae to below the thermocline could contribute to the absence of larvae 
from CPR records from the English Channel and Celtic Sea in the second half of the year. 
Zoeas of the tbalassinid Calocaris macrandrae occurred in 3 LHPR hauls in the 
deep basin of the western Irish Sea (Lindley et al. 1994) but not in any of the CPR 
samples analysed. The larvae of Calocaris are lecithotrophic and probably remain at 
greater depths than that at which CPRs are towed. 
The studies of vertical distribution in Lindley (1986) and Lindley et al. (1994) 
were limited to spring and early summer. The maximum abundance of Decapoda in the 
plankton is usually in July or August in the seas around Britain (Lindley 1987, Lindley et 
al. 1993). In seasonally stratified waters the thermocline is most intense at that time of 
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year. The vertical distributions presented in the papers here are not, therefore completely 
representative of the range of conditions in which decapod larvae represent a substantial 
contribution to the plankton. Also the LHPR hauls were all in continental shelf waters, so 
there are no analyses of vertical distributions in oceanic conditions. 
Biomass and production 
Decapod larvae sorted from the LHPR samples (formalin preserved) taken in the 
North and Irish Seas were bulk dried to give dry weight biomass data (Lindley et al. 
1994). The results could be compared with equivalent values derived for other major 
taxonomic groups present in the hauls. The dry weight values for the samples analysed 
ranged from 4 mg rn·2 in unstratified waters, where the spring bloom had not yet 
commenced, to 106 mg m·2 at a well stratified site in North Sea in June. The dry weights 
of decapods accounted for 0.5-8.6% of the total dry weight of the zooplankton in the 
samples. In the section on vertical distributions (above) the lack ofLHPR hauls in mid- to 
late summer when decapod larvae are most numerous in the plankton, was noted. 
Biomass would probably be highest at the time of maximum abundance. 
Individual larvae were extracted live from net hauls taken during the research 
cruises and in the course of sampling in waters around Plymouth. Each was identified to 
species or a higher taxonomic level, the carapace length was measured and then they were 
dried (Lindley, 1988, 1998). The dried specimens were weighed, and the carbon and 
nitrogen content of a sub-set of specimens was determined. Length-weight regressions for 
each of 4 infraorders, the Caridea, Astacidea, Anomura and Brachyura derived from these 
data (Lindley, 1988, 1998) provided the basis for calculating biomass from counts of 
larvae in plankton samples. The carbon and nitrogen content results were found to be 
largely consistent with results, from the literature, of similar analyses of comparable 
laboratory reared larvae. 
The common species of Brachyura in north-western European waters each have a 
fixed number of pelagic developmental stages (2, 4 or 5 zoea stages depending on species 
and a megalopa). Comparisons of regressions from the literature for determining the 
development times in relation to temperature with a range of species with the same 
numbers of stages indicated that the regressions provided reasonable generalised 
approximations. The regressions of dry weight on carapace length were used to calculate 
the increments in dry weight within each stage using a simplistic linear model of increase 
in dry weight between moults. Data from CPR and LHPR samples on the abundance and 
carapace lengths of each developmental stage and the regressions of development times 
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on temperature were used to calculate production, including estimation of the flux 
between the benthos and the plankton at hatching and settlement (Lindley, 1988). Annual 
P:B ratios were calculated from data for CPR samples in the Irish Sea as approximately 
26: 1 and the results from a LHPR from the Celtic Sea were consistent with this. There are 
several potential sources of error in this method. Vertical migrations may expose the 
larvae to a cyclical variation in temperature each day, the distribution of ages within a 
stage may not be equal as is assumed in the method, weight increments within stages are 
not in fact linear and food availability may vary considerably. There are at present 
insufficient data to take account of most of these sources of error and the method as 
described provides estimates which could not be established by less error prone method at 
present. The method could be refined as further data or methods for obtaining data 
become available . 
Most Paguridae and Porcellanidae, including all the European species, have 4 and 
2 zoeal stages respectively, followed by a megalopa. Regressions for calculating 
develovnent times for each stage were derived from published data (Lindley, 1990). 
These regr~ssions and the length/weight relationships provided the basis for estimation of 
the biomass a.'ld production as described for the Brachyura. In the case of the Paguridae 
"secondary lecithotrophy" of the megalopa stage has to be taken into account in the 
estimates. A more generalised approach to calculating production would be needed to 
provide equivalent estimates for the many Caridea, Anomura and Thalassinidae which 
have variable numbers of developmental stages. 
A Parasite 
Little is known ofparasites in the meroplankton and records of their occurrence 
are valuable to provide the basis for assessing the their impact. An observation of an 
anisakine nematode in a zoea of Pisidia Jongicornis from a CPR sample (Lindley, 1992) 
is the first such record from a decapod larva. Planktonic invertebrates are intermediate 
hosts of Anisakinae which develop further in fish hosts as the economically significant 
cod- and herring worms before maturing in guts of marine mammals. 
Summary 
The papers submitted constitute a coherent contribution to the study of the 
ecology of pelagic stages of decapods in the seas around Britain. There are over 200 
decapod species recorded from British waters and more in the Atlantic adjacent to the 
11 
Iberian peninsula. The geographical distributions and seasonal occurrences in the 
plankton of 99 taxa, mostly species but with some higher taxa accounting for possibly a 
further 20 species, were described from CPR samples. These results were complemented 
by vertical distributions in oblique hauls with the LHPR of over 40 species, including 2 
not recorded in the CPR samples. 
The results have expanded knowledge of temperature limitations to successful 
spawning and subsequent larval distributions. Temperature has also been shown to 
influence the seasonal timing of the occurrence of planktonic larvae of many common 
species. The natural experiment resulting from the high temperature anomalies in 1989 
has shown that the relationships between timing of larval occurrence and temperature can 
be applied to interannual variations within areas as well as to geographical variations. 
Forecasts of changes in sea temperature can, therefore, be a basis for predicting the 
timing of occurrence of the larvae in the plankton. 
Development times, and therefore production, are also temperature dependent. 
The methods developed by Lindley ( 1988) provide a basis for calculating the biomass 
and production of decapod larvae from data such as those from the CPR and LHPR 
samples. The effects of temperature on production have a value as a contribution to 
estimating the consequences of temperature change on the pelagos and benthic-pelagic 
fluxes. 
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CONTINUOUS PLANKTON RECORDS: THE 
GEOGRAPHICAL DISTRIBUTION AND SEASONAL 
CYCLES OF DECAPOD CRUSTACEAN LARVAE AND 
PELAGIC POST-LARVAE IN THE NORTH-EASTERN 
ATLANTIC OCEAN AND THE NORTH SEA, 1981-3 
J. A. LINDLEY 
Natural Environment Research Council, Institute for Marine Environmental Research, 
Prospect Place, The Hoe, Plymouth PLI 3DH 
(Figs. 1-10) 
The geographical distributions and seasonal cycles of pelagic larvae and post-larval 
stages of decapod Crustacea in the nonh-eastem Atlantic and the North Sea during 
1981-3 are described from samples taken with the Continuous Plankton Recorder (CPR). 
Analyses of the distributions of 36 common taxa identified groupings which could be 
related to depth and temperature. The seasonal occurrences of planktonic larvae of 
benthic taxa were found to be correlated with sea-bottom temperature in the winter as 
well as parameters of the sea-surface temperature. Possible interpretations of these data 
are discussed. 
INTRODUCTION 
The decapod crustaceans taken by the Continuous Plankton Recorder are 
predominantly larvae and early post-larvae of both pelagic and benthic species 
but some later stages of pelagic and temporarily pelagic hyperbenthic species are 
also recorded. (In this paper 'larvae' includes all zoeae and earlier stages and also 
the pelagic megal~pae of the Brachyura and Anomura which are now usually 
considered to be the first post-larval stages.) Previous published work on 
decapods from the CPR survey was restricted to the North Sea (Rees, 1952, 
1955). The present paper describes the distributions and seasonal cycles of 
decapods, mostly identified to species or genus, taken during 1981, 1982 and 
1983. The geographical extent of the survey in these years is shown in Fig. 1 . 
The distributions described here are determined primarily by the distributions 
of adults at the time of spawning in the Penaeidea, which shed their eggs, and 
of hatching in other taxa, the eggs of which are carried by the females. 
Once the eggs or larvae are liberated the distributions become products of the 
distributions of the parent populations and subsequent dispersive migrations of 
the planktonic stages. The kinds of migration to which reference is made in this 
paper follow the definitions given by Taylor (1986). Geographical variations in 
the seasonal cycles of larval production also result from the influence of 
environmental variables both on the adults and on the larvae. The relationships 
between the distributions and seasonal cycles described here and some physical 
and biological variables are examined. 
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Fig. l. The Continuous Plankton Recorder Survey. Standard routes (doned lines) during 1981- 3 and 
standard area.s to which reference is made in this paJXr. 
METHODS 
• 
" 
Continuous Plankton Recorders (CPRs) (Hardy, 1939) were towed at a depth of about 10 m by 
merchant ships and Ocean Weather Ships on standard routes (see Fig. 1). Where possible a tow 
was obtained on each route in each month. Each sample contained the plankton retained by a silk ~ 
gauze of 280 pm mesh from 3 m3 of water over a distance of 16 km. Alternate samples were analysed 
except on some short tows ( < 200 km) across the English Channel and the Irish Sea where every 
sample was analysed as described by Rae ( 1952) and Colebrook (1960). Total numbers of decapods ~ 
in each sample were estimated. 
·Samples taken between January 1981 and December 1983 in which decapods had been recorded 
were re-examined and the identity and development stages of the decapods were noted. ldentifica- • 
tion was to species where possible but in some cases genera were used and counts were made of 
'total Polybiinae' to include specimens which could not be referred to species or genus within that 
sub-family. Funher information on identification is given below. The total numbers of each taxon ... 
taken by day and by night were compared to identify diel variations. 
The sampled area was divided into rectangles of I o latitude by 2° longitude except in some areas 
where diagonal subdivision of such rectangles approximated to the position of the 200 m isobath • 
(see Colebrook, 1975, fig. 4a). These rectangles were used as the units of area for description and 
analysis of the geographical distributions of common taxa. The rectangles were grouped into larger 
standard areas (Fig. I) for description and analysis of seasonal cycles of common taxa and .. 
observations on rarer taxa. 
The mean values for the description and analysis of geographical distributions and seasonal cycles 
of the common taxa were derived by the formulae listed in Table I . 
The mean values per rectangle Cxr) were used for an analysis of the geographical distributions 
of common taxa in the present survey. As the pelagic stages of many species were found in only 
a few months of the year, the analyses included only those rectangles for which there were :X)f values -
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for at least 6 calendar months, with no break of 2 successive months between March and September 
inclusive. The methods of analysis were those recommended by Field, Clarke & Warwick (1982) 
for analyzing multispecies distribution patterns. The Bray-Curtis measure of similarity was used 
to produce a dendrogram of percentage similarity between distributions and a two-dimensional 
scatter plot was produced by multi-dimensional scaling (MDS) analysis. These methods are not 
affected by joint absences and are, therefore, suitable for application to data including many limited 
distributions (i.e. data sets with a high proportion of zero values) such as those presented here. 
Identification of groupings of distributions was by cross reference between the dendrogram (which 
may over-emphasize d.iscontinuities) and the scatter plot which inevitably presents only an 
approximation of multi-dimensional relationships. Identification of groupings in both analyses 
provides assurance of their reality (Field et al. 1982). 
Table 1. Equations used eo derive mean abundance values from CPR data 
Xmy = :;E Xs/ Nmy 
im = ~ imy/N,. 
ir = ~ iM/m 
i .... M = ~ XM I RAM 
im)· = mean number of specimens of a taxon per sample (3 m3) for 
a rectangle in month m in year y 
x5 = number of specimens in sample s 
N my = number of samples taken in a rectangle in month m in year y 
illl =mean nU!Jlber of specimens in a rectangle in calendar month M 
N M = number of years in which a rectangle was sampled in calendar 
month M 
ir = mean value for rectangle r 
m = the number of calendar months in which a rectangle was sampled 
i_,,. = mean value for standard area A in month M R_,,. = number of rectangles sampled in area A in month M 
Seasonal cycles of abundance were calculated for common taxa in standard areas in which they 
occurred regularly. The seasonal cycles of taxa were often very similar in adjacent areas so some 
standard areas were combined to simplify presentation of the data. The selection of areas to be 
combined was by calculation of the mean timing of occurrence ( Td) and its standard deviation (see 
Colebrook & Robinson, 1965, for the method of calculation) for each common taXon in those 
standard areas where it was sufficiently abundant to provide reasonable estimates of these 
parameters. The seasonal cycles of a taxon in each pair of standard areas were compared by 
calculating the value of Student's t test from the timing and standard deviations. By trial and error 
the areas were grouped so that the number of significant t values (P < 0·05) within groups of areas 
were minimised and those between groups of areas were maximised . 
The mean timings of occurrence of larvae (i.e. excluding data for post-larval stages) of common 
and widespread taxa in standard areas were used as parameters of the seasonal cycles for analyses 
of relationships with environmental variables. The initial analysis was by rank correlation 
(Spearman's r5 ) and further analyses were by linear regression. 
Environmental variables examined in relation to distributions and seasonal cycles of decapods 
were depth, sea-bottom temperatures, sea-surface temperatures, sea-bottom type, phytoplankton 
and copepods. Depth data were obtained from Lee & Ramster (1981) and Dietrich (1969). Sea-
bottom temperatures were taken from the same sources and Tomczak & Goedeke (1962). Sea-
surface temperatures were calculated from data provided by U.K. Meterological Office for 1° x 1° 
rectangles for 10-day periods for the years 1981--83. Data on sea bottom types were obtained from 
Lee & Ramster (1981) and U.S. Oceanographic Office (1965). Phytoplankton and copepod data 
were results from the CPR survey for 1981--83. 
Sea-bottom temperatures for oceanic areas and area F4 were difficult to calculate precisely. 
Sampling in the latter area was mostly over the continental shelf so the values for Rias in 
north-western Spain given by Tenore et al. (1982) were used. Sea-bottom temperatures in oceanic 
areas are highly correlated with depth and as benthic or hyperbenthic taxa may occupy only a narrow 
depth range (and hence temperature range) the values for these areas were used in rank correlation 
analyses only . 
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Notes on identification 
"I 
Identification of specimens was by reference to a large number of published keys and descriptions. 
The taxa identified in this survey are listed in Table 2. The following notes are comments on 
particular problems. .. 
An' lctopus' larva of Plesionika sp. was taken off the PortUguese coast. lt differed from previously 
described larvae and could not be referred to species. 
Early zoeae of Dichelopandalus bonnien' and Panda/us propinquus can not be distinguished in "' 
preserved material from published descriptions (Pike & Williamson, 1964). 
The first zoeae of Anapagurus chiroacanthus and A . hyndmanni can not be distinguished from 
lo published descriptions (MacDonald, Pike & Williamson, 1957) and were recorded separately from 
the later stages. 
Two species of Polybiinae were recorded separately as well as being included in the counts of 
'total Polybiinae '. The larvae of Liocarcinus puber, have been described (Rice & lngle, 1975) and "" 
are readily distinguishable from related species. 
Zoeae of Bathynectes sp. were found which were indistinguishable on major morphological 
features from those of B . longispina Stimpson, described by Roberts (1969) as B . superba (Costa). .. 
Bathynectes maravigna, which occurs in the north-eastern Atlantic Ocean was also referred to as 
B . superba until Manning & Holthuis (1981) revised the taxonomy of the genus. The description 
by lngle (1985b) of zoeae of B. longipes (Risso) shows that they are very similar to those of • 
Liocarcinus spp. The present larvae are, therefore, ascribed to B. maravigna. 
A megalopa very similar to those of Atelecyclus rotwtdatus but with more setae on the uropods ~ (1, 13, cf. 1, 9-10) and a longer and more acute rostrum (S. Y. Hong, personal communication) 
was taken at 53° 46' N, f2° 11 ' Won 26 June 1981. This may have been a specimen of Cancer 
bellianus. It is possible that some specimens which were referred to Atelecyclus rotundatus may have 
been larvae of A . undecimdentatus (Herbst) which is common off the Iberian coast (Zariquiey "' 
Alvarez, 1968) and which has occurred off Brittany (Bourdon, 1965). 
Larvae of Geryon spp. which were indistinguishable from those of G. tridms as described by lngle 
( 1979) were referred to that species. Three zoeae of Geryon spp. (two fourth and one second zoea) 
were larger than the equivalent stages of G . tridens. The fourth zoeae had carapaces of3.0 mm length 
(cf. 1.8-2.0 mm for G. rn'dms) and the second zoea although too distorted to measure accurately 
was obviously larger than those attributed to G. rridms. These larger zoeae were attributed to G. 
affinis. However a new species, G. gordonat lngle, (1985a) has been described and this occurs in 
deep water to the west of Scotland. It is possible that either the large zoeae or some of those identified 
as G. tridens should be referred to the new species. 
The megalopae of Ebalia spp. were not identified to species except for those of E. tuberosa. The 
description of Ebalia larvae by Rice & Williamson (1977), Rice ( 1980) and Salman (1982) suggest 
that the criteria used by Rees (1952) for identifying E. cranchii and E. tumefacta were in~ufficient 
to justify those identifications. 
RESULTS 
• 
.. 
A total of 14 440 specimens were examined of which 52 ·6 % were taken at night 
(i.e. between sunset and sunrise). Polybiinae, which comprised 33 % of the total 
numbers of specimens, were more common by day than by night only 31·5 ~~ 
being taken between sunset and sunrise. Most common taxa were more abundant .. 
by night but the only species of which more than 75 % of specimens were taken 
at night were Pagurus bernhardus (76·3 %), Goneplax rhcnnboides (84·7 %) and 
Monodaeus couchi (76·5 o/0 ). Data from all samples were used to calculate the mean 
levels of abundance but there may be some bias in the results due to differences 
between taxa in the effects of diel variations on their abundance in CPR samples. 4 
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Table 2. D~capod crustacea. Taxa identified in samples taken in the CPR survey 
fr:om 1981 to /983 
The distributions of 36 common taxa are illustrated in Figs. 2; 3 and 4. The figure in. which, each 
distribution is·shown is listed followed by the number identifying•the taxon in ·Figs. 5 and•6 and the 
contour·levels for the symbols on the distribution charts(e:g.for Ca/lianassa suburran<!a the open circle 
indicates less than.0·08 specimens per sample, the divided circle 0·08-{)·36 and the•filled circle more 
than 0·36). For rarer:taxa.the standard areas in which they occurred and the months (numbered:from 
I for January·to 12·for December) in·which they were recorded in each·area are listed. 
Taxon 
G~ elegam (S. I. Smith) 
Solenocera:membranacea (Risso) 
Lueifer rypw H. Milne-Edwardsb 
Sergesres:arcricw KrOyer" 
Sergia robwrw:(S. I. Smith)• 
Pasipluiea sivtido Rissob 
Palaemcm adspersw Rathke 
P. serrarw (Pennant) 
Acanrhephyra pelagica (Risso) 
A. purpurea A. Milne-Edwards 
Nemarocarcinus ensifer (S, I. Smith) 
Aiphew glaber (Olivi) 
A. macrocheles (Hailstone) 
Caridion gordoni:(Bate) 
C. sreveni Lebour 
Hippolyre iriermis Leach 
H. varian.s Leach• 
EW~lw pwiolw (Kroyer) 
Spironrix:ariJ li/ljeborgi (Danielsen) 
Thoralw cramhii (Leach)• 
Processa canaliculara Leach 
P. edulis (Risso) 
P. modica Williamson and 
Rocharaburanon ·. 
P. I'IOIIfleli Al-Adhub and Williamson 
PksioniluJ Bate sp. 
Pandalina brevirosrro·(Rathke) 
Panda/us moniiJlui Leach 
Dichelapandalw bonnieri Caullery I 
Pandalw propinquw G. 0. Sars 
Parapandalw:richardi (Coutiere) 
Crani/on cra"'on (L.)• 
c. allmani (Kinahan)• 
Ponrophilw•bispitiOsw Hailstone" 
P, fasciarus (Risso) 
P. norvegicw (M~ Sars) 
P. spinosus (Leach) 
P. rriJpino:sW Hailstone 
Nephrops norvegicus (L.) 
Homarus gammarus (L.) 
PalinuTW elephas Fabricius 
Scyllarw arcrw (L.) 
Axius srirlrynchw Leach 
]axea · nocrurna (Chiereghin) 
Callianossa subrerranea (Montagu)" 
Upogebia<delraura (Leach) 
U. srellara Montagu 
Mllllida inrermedia sarsi Brinkmann 
- . 
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Distribution 
Fig. 2, I ,0·02--()·03 
C4 (Jolo), D4 ( 4), D5 ( 4-7), E4 
(7, 9), F4 (6, 7, 9) 
G6 (9) 
Fig. 2, 2, 0·04-0·08 
Fig, 2, 3,.0·03-0·05 
C3 (3, 12),E4 (6, 1'1) 
D5 (4) 
D3 (8) 
D5 (4, 6), F4 (5) 
F4·(4) 
05 (4) 
Fig. 2, 4, 0'03-0·04 
Fig. 2, 5, 0·02--()·03 
82.(5, 7-9), C2 (8, 9), C4 
(6, 9), D4 (7), D5·(5) 
D4 (6) 
D3 (7, 8) 
Fig. 2, 6, 0·02 
C3 (2), 03 (5) 
c3 C4l 
D3 (8, 9) 
Fig. 2, 7, 0·03-0'05 
Fig. 2, 8, 0·02--()'06 
D I (8); C3 (7), 04 (11) 
Cl (9), C3 (7, 8), DJ (8), D4 
(6, 8), F4 (6, 7, 9) 
F4 (7) 
Fig. 2, 9, 0·02--()·04 
82 (9), C2 (5), C3 (4-6), C4 
(4, 5), 03-(4, 6) 
81 (4), 04 (6) 
F4 (6) 
Fig. 2, 10, 0·02--()·04 
Fig. 2, 11, 0·02--()·08 
Fig. 2, 12, 0·02--()·03 
D3 (7) 
82•(3) 
D4 (4) 
Fig. 3, 13, 0·03 
C2.(5, 6), C3 (4-6), Dl (6) 
D5 (4) 
C3 (4) 
D4 (6, 9), F4 (6, 7, i'l) 
D3 (8) ' 
F4.(6) 
Fig. 3, 14, 0·08-{)· 36 
Fig. 3, 15, O·IO--Q·44 
Fig. 3, 16, 0·03-0·08 
81 (~7), 85 (7) 
150 
Taxon· 
Munida rugosa (Fabricius) 
M. unuimana M. Sars 
Galatlua dispersa Bate 
G. imermedia Lilljeborg 
G. nexa Embleton 
G. squam•fera Leach 
G. srrigosa (L.) 
Porcellana platycheles (Pennant) 
Pisidia /ongicorriis·(L.) 
Pagurw alarw Fabricius 
P. bernhardw·(L.) 
P. cuanmsis Bell 
P. prideailxii (Leach) 
P. p~scem (Kriiyer) 
Catapaguroides timidw (Roux) 
Anapagurw. breviaculearw · Fenizia 
A. chiroacanrhw. (Lilljeborg) 
A. hyndmanni (Bell) 
A, laevi.s.(Bell) 
DiogeJUs pugilaror (Roux) 
Paromola.CUfJieri (Risso) 
Ebalia cranihii Leach (Zoeae) 
E. nux Norman (Zoeae) 
E. rumefacra Montagu 
E. tuberosa Pennant 
Corysres·cassivelaunw,(Pennant) 
Total Polybiinae" 
Liocarcinw puber (L.) 
Barhynectes.marllfligna.(Prestandrea) 
Carcinw maenas•(L.) 
Portummu latipes (Pennant) 
Cancer pagurw. L. 
C, bellianw johnson? 
Atelecyclw rotundalw (Olivi) 
Piriwula denticulata Montagu 
Tlria scurellara (Fabricius) 
Geryon ajfmis A, Milne-Edwards and 
Bouvier 
G. tridms Kroyer 
Goneplax rhomboides (L.) 
Pilumniu hirrellw. (L.) 
Xantho Leach spp; 
Monodaeiu ccnu:hi (COuch) 
P.innothnes pisum (L.) 
Asthenognarhiu arlanricus Monod 
Hyas aranew (L,)• 
H.,coarcratw Leach 
lnachw Weber spp. 
MacropodiQ ooch spp. 
Eurynome•Leach spp. 
Piw Leach a pp. 
Maia squinado•(Hetbst) 
Partlumope massena (Roux) 
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Distribution 
Figs. 3, 17, 0·02-{):04 
85 (8), 86 (6), 05 (6) 
Fig. 3, 18, 0·06-{)·12 
Fig. 3, 19, 0·03-{)·18 
Fig. 3, 20, 0·02-{):04 
82 (7), Cl (7, 8), .C3 (2, 5, 6, 8) 
C4 (6), 03:(4, ~). 04(3, 5, 7) 
82 (8, 9); Cl (8, 9), CJ (6), C4 
( 4, 6), 93 ( 4-7), 04 (7), F4 (3) 
03 (8),. F4 (6) 
Fig. 3, 21, 0·04-{)'22 
F4 (3) 
Fig. 3, 22, 0·04-{)·.10 
C3 (7, 9), ·C4 (6), 03 (7, 8) 
82 (9), C2 (9, 10), C3 (5, 6, 9, 10) 
03{7, 8), 04;(5-7),.05 (1), F4 (7) 
A6 (5), 82 (3, 4), Cl (4), C2 
(4, 5), C3>(4, 5), C4 (4), Dl (4), D4 (4) 
03:(.7), F4 (6, 8) 
0):(6-9),.04 (6-9), F4 (9) 
Fig. 3,.23, 0·03-{)·07 
Cl (11), C4.(6),.03, (3, 5, 7, 8), 
04:(4, 5, 7, 8) 
Fig. 3,.24, < 0'02-{)·03 > 
F4 (5, 9) 
C5 (6), 95 ( 4) 
03 (9) 
C4 (8) . 
C3 (9), 03 (5, 8; 9), 04 (7) 
Fig. 4, 35, 0·03-{)·06 
Fig. 4, 25, 0·03-{)·06 
Fig. 4, 26, 0·27-1·20 
Fig. 4, 27 I 0·03-{)·09 
C5 (5-7), 05 (4), F4:(6) 
Fig. 4, 28, 0·03-{)·07 
94 (5), F4' (9) 
Fig. 4, 29, 0·13-{)·40 
B5 (6) 
Fig. 4, 30, 0·08-{):25 
C3 (9), 03 (8)04 (9) 
B2 (8) 03 (8), F4 (6-8) 
B5 (7), C5·cil 
Bl (7'-10);82 (7-9), 85 (7), C2 
(7-8), D5 (5,.6) 
Fig. 4, 31, 0'03-{)·05 
Fig. 4, 32, 0:05-{):20 
Fig. 4, 33, 0'04-{)·14 
Fig. 4, 34, 0·04-{):07· 
C3·(8) 
F4 (6) 
B2 <<~>. a:(5),.cJ·(4l 
Fig, 4; 36, 0:02-{)'04 
C3:(5,.9), 93i(·7, 10) 
82 (9), C3 (6-8), 03 (6-9), 94 (2) 
C31(4, 6, 7),.03 (2, 6, 7, 9, 1 ).), 
04 (6-8), F4 (5) . 
03 (8) 
03 (8) 
E4,(9) 
- ., - "'"-· .. ' 
0
, ._l~cludes•post-larvae; b, post-larvae only .recorded: 
___ ...__ -~ _-:..,- -~~--~- .... _. 
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Taxa identified in this survey are listed in Table 2. The figures in which the 
distributions of the common taxa are illustrated and the numerical values of the 
symbols on the distribution charts (Figs. 2-4) are listed. Geographical distribu-
tions and seasonal occurrences of rarer taxa are indicated by lists of standard areas 
in which they occurred and the months of these occurrences are indicated in 
Table 2 . 
The dendrograms of percentage similarities between distributions and the 
two-dimensional scatter plot resulting from the MDS analysis are shown in Figs. 
5 and 6. Both analyses clearly separated the distributions of a group A consisting 
of 3 oceanic pelagic penaeids, Gennadas elegans (1 ), Sergesces arcticus (2) and 
Sergia robuscus (3)* from those of the remaining taxa, most of which are neritic 
with benthic or hyperbenthic adult stages. Sub-divisions of the latter distribu-
tions are classified as groups B-G. Group C consists of taxa which were 
widespread in continental shelf area. Taxa within groups B, D and E were most 
abundant in the Celtic Sea, English Channel and North and Irish Seas 
respectively. Groups F and G were mainly restricted to areas adjacent to the coast 
and shallow offshore waters . The divisions between groups B-G should be 
considered as arbitrary divisions of a complex of inter-related distributions but 
the scatter plot (Fig. 6) can be interpreted geographically with an axis running 
roughly from the top left to bottom right distinguishing the distributions on the 
basis of depth, while latitudinal variations are expressed more or less at right 
angles to that axis. 
Seasonal variations in the abundance of common taxa are plotted in Fig. 7 for 
the following standard areas or combinations thereof in which they occurred 
regularly: B4, BS, CS, DS and E4 combined; B2 ; Bl, Cl, C2, Dl and D2 
combined; C3 and C4 combined; D3 and D4 combined and F4 (see Fig. 1) . The 
graphs are standardized to zero mean and unit standard deviation. The values 
of the means and standard deviations for each graph are listed in Table 3 with 
the months when taxa occurred in areas where they were too rare to be included 
in Fig. 7 . 
The seasonal sequence of peaks of abundance within areas and the differences 
between areas in the seasonal cycles of taxa can be identified by reference to 
Fig. 7 . Some taxa, e .g. Munida rugosa (17) and Hyas coarctatus (36) were always 
among the earliest to become abundant in the areas in which they occurred. Other 
taxa, for example Upogebia deltaura (15) occurred mainly in the summer and 
autumn in all areas in which they were found. Cancer pagurus (26) is an example of 
a species which had a prolonged larval season, commencing in the late winter in 
waters to the south-west of the British Isles but larvae were not common in the 
North Sea until the second half of the year. In contrast with this Pagurus 
bernhardus (22) larvae were present through most of the year in the North Sea 
but in D3 and D4 they were abundant from February to April only. 
* The numbers used to identify taxa in Figs. ~7 are given in parentheses after the names in the text when 
referring to those figures . 
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Fig. 2. Decapod Crustacea. Geographical distributions of 12 species in the CPR survey 1981-3. For 
explanation of the symbols see Table 2. 
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Fig. 3. Decapod Crustacea. Geographical distributions of 12 species in the CPR survey, 1981-3. For 
explanation of the symbols see Table 2. 
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Fig. 4. Decapod Crustacea. Geographical distributions of 12 species or higher taxa in the CPR survey, 
1981-3. For explanation of the symbols see Table 2. 
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Fig. 5. Decapod Crustacea. Dendrogram of percentage similarity between the geographical distribu-
tions of 36 taxa (see Table 2) in the CPR survey 1981-3. 
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Fig. 6. Decapod Crustacea. Scatter plot derived from multi-dimensional scaling analysis of geographical 
distributions of 36 taXa (see Table 2) in the CPR survey 1981-3. 
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Fig. 7. Deapod Crusucea. Seasonal cycles of abundance of common taxa in CPR samples taken in 
1981- 3 in 6 standard areas or combinations thereof. The taxa are identified by number (see Table 3). 
The scale (small 0 and 2) is in standard deviations. A dot indicates the presence of the taxon in that 
month. Shaded parts of graphs indicate the proportion attribuuble to post-larvae. 
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Table 3. Decapod Crustacea. Seasonal occurrence of common taxa in 6 standard areas or groups thereof 
F, Seasonal cycle shown in Fig. 7, the following figures are the values of the means and standard deviations respectively ; a, absent; integers indicate months 
of occurrence ; n, number identifying the taxon in Fig. 7. 0 
Taxon 84, 85, C5, 05 + E4 82 81, Cl, C2, 01 + 02 C3+C4 03+04 F4 ..... n (I) 
Gennada elegans 1 F0·01, 0·01 a a a a a 
...., 
:;:tl Sqestes arcticus 2 F0·03, 0·03 4 a 6 2 5 ..... 
Sergia robustus 3 F0·012, 0·02 a a 8 a a t:a 
Alplreus glaber 4 a a a 9 F0·01, 0·03 FO·Ol , 0·02 c 
A . macrodules 5 a a a a F0·01, 0 ·02 F0·01, 0·01 ...; 
..... 
Hippolyte varians 6 a 7, 8 8, 11 9 FO·OI, 0·02 9, 10 0 
Processa canaliculata 7 7 5 a F0·01, 0·01 F0·02, 0·02 F0·02, 0·03 z 
P. edulis 8 a 7 8 4, 6, 7 F0·01, 0·01 F0·02, 0·04 (I) 
Pandalina brevirosrn·s 9 8 F0·01 , 0·02 F0·01, 0 ·03 F0·01, 0·01 F0·03, 0 ·07 F0·02. 0 ·03 > 
Crarrgon crarrgon 10 a a F0·01, 0 ·01 F0·01, 0·02 F0·01, 0·02 8 z 
C. allmani 11 a 5, 7, 8 F0·05, 0 ·07 F0·01, 0·01 FO·Ol, 0.01 a 0 
Pontophilus bispinosw 12 Q a F0·01, 0·03 FO·Ol, 0·01 6, 9 F0·02, 0·03 (I) 
P . trispinosw 13 a a 7,8 4 F0·01, 0·02 F0·02, 0 ·03 m 
Ca/lianassa suburranea 14 6, 7 FO· l6, 0·33 F1·42, 2 ·58 8, 9 F0·01, 0 ·03 FO·Ol , 0 ·02 > (I) 
Upogebia deltaura 15 a a F0·33, 0·73 F0·48, 1·22 F0·51 , 1·05 7-9 0 
N U . sttllara 16 a a 8 F0·01, 0.02 F0·03, 0·06 a z -..l 
Msmida rugosa 17 F0·02, 0 ·05 4, 6 F0·01, 0·02 F0·04, 0 ·11 F0·01, 0·02 a > 
GaJatlua dispersa 18 3, 4 F0·08, 0·12 F0·01, 0·01 F0·06, 0 ·12 F0·11, 0·19 5, 6 l' 
G . intermedia 19 Q 7-9 F0·02, 0·05 F0·10, 0 ·16 F0·35, 0·57 5, 6 (') 
G . nexa 20 4, 7 4, 8 7, 8 4--6 F0·04, 0·06 a -< 
Pisidia lorvicornis 21 a 8, 9 F0·05, 0·11 F0·32, 0·56 F0·58, 1·05 F0·06, 0 ·07 (') 
PQKurus btnhardw 22 a F0·01, 0·19 F0·04, 0·07 F0·14, 0·21 F0·03, 0·05 F0·06, 0·07 l' tT.I 
Anapogurw clriroacanthus 23 8 F0·01, 0·01 8 F0·02, 0·04 F0·05, 0·08 7 (I) 
A. ltUVis 24 2, 6, 7, 11 F0·01, 0·02 F0·01 , 0·01 F0·02, 0·02 F0·01, 0 ·01 1, 3, 5 0 
Corystes cassivelanus 25 a a F0·02, 0·06 F0·08, 0 ·19 4 a "T1 
Total Polybiinae 26 F0·07, 0 ·14 F0·06, 0·12 F0·70, 1·17 F0·70, 0·80 F2·07, 2·59 F6·39, 11 ·95 0 Liocarcinus puber 27 a FO·Ol, 0·02 FO·Ol, 0·01 F0·05, 0·10 FO· ll, 0 ·38 F0·03, 0·05 tT.I 
Carcinus maenas 28 a 7 FO·Ol , 0·02 F0·03, 0·05 F0·03, 0·03 5, 9 (') 
Cancer pQKurw 29 a F0·28, 0·63 F0·69, 1·43 F0·43, 0 ·67 F0·45, 0 ·50 F0·03, 0 ·05 > 
Aulecyclus rotundatus 30 4,6,7,9 FO·l6, 0 ·34 F0·05, 0 ·09 F0·25, 0 ·61 F0·25, 0·67 3-7 ~ 
Goneplax rhomboides 31 F0·02, 0 ·02 a a 8, 9 F0·04, 0·06 FO· l3, 0·16 0 0 Pilumnw hirttl/w 32 8 a 9 F0·01, 0·03 F0·17, 0·33 F0·05, 0·10 (I) 
Xantlro spp. 33 F0·01, 0·02 a 8, 9 F0·06, 0·14 F0·19, 0·27 F0·02, 0·05 
Monodaew couchi 34 F0·01, 0·01 8, 9 a F0·08, 0·21 F0·02, 0·05 4, 6 
Ebalia tubtrosa 35 a F0·03, 0 ·06 F0·01, 0 ·02 FO·OI, 0 ·02 F0·03, 0 ·03 5, 11 
-Hyas coarctacw 36 7 F0·02, 0·05 F0·02, 0 ·05 FO· ll, 0·24 F0·02, 0·04 a Vl 
-..) 
N 
00 
Table 4. Spearman's rank correlation coefficients between timing of occurrence of decapod taxa (Td) and 9 environmental 
variables 
n, Number of standard areas for which Td could be calculated for each taxon; tHF> sea-bottom temperature in February ; tuA> sea-bottom temperature in 
August; t-, mean sea-surface temperature; 6t, standard deviation of seasonal cycle of temperature; T,1, timing of the spring increase in temperature; T1, timing 
of the seasonal cycle of temperature; TPJ• timing of the spring increase in phytoplanltton ; TP, timing of the seasonal cycle of phytoplankton ; T. , timing 
of the seasonal cycle of cope pods; •, P > 0 ·05; • •, P > 0 ·0 I. 
Decapod taxon n In.- IBA -( or T,J T I T.,J T,, T,. 
Pandalina brroirostris 8 0·762" - 0 ·363 0 ·750* -0·717* 0 ·949*" 0 ·785* 0·488 0 ·792* 0 ·458 
Cra1fKon allmani 7 0 ·027 0 ·580 0 ·848* 0 ·098 0 ·063 0·018 - 0 ·188 - 0 ·107 0 ·268 
Ca/lianassa suhterranea 7 0 ·830* - 0·241 0 ·295 - 0 ·813" 0 ·848" 0 ·866* 0 ·286 0 ·866* -0·357 
Upcgebia deltaura 9 0 ·608 0·00 0 ·417 - 0·596 0 ·763* 0·617 - 0 ·163 0 ·575 - 0 ·170 
Munida rugosa 7 0 ·928*" 0·857" 0 ·848* 0·464 - 0 ·214 0 ·009 0 ·741 0·607 - 0·107 
Galathea inurmedia 7 0·6()9 - 0 ·136 0 ·714 -0·045 0 ·9'55* 0 ·839* - 0 ·300 0 ·714 0 ·529 
Pisidia longicornis 8 0·976** - 0 ·149 0 ·785* - 0 ·887*" 0 ·887** 0 ·946** 0 ·357 0 ·702 0 ·488 
Pagurus bernhardus 7 0·536 0·714 0 ·929** - 0 ·179 0 ·518 0 ·393 - 0 ·027 0 ·036 0 ·179 
Total Polybiinae (a) 15 0·207 - 0 ·179 0 ·651** - 0 ·737** 0 ·708** 0 ·714** 0·125 0 ·604* 0· 16'5 
Total Polybiinae (b) 11 0·806** 0 ·414 0·902** - 0 ·594 0 ·752** 0 ·805** 0 ·3 11 0·777** 0 ·393 
Cancer pagurus 10 0·779** 0 ·139 0 ·706* - 0 ·539* 0 ·718 0 ·139 - 0·003 0 ·648 0·173 
Atelecyclus rotundatus 6 0·886* 0 ·943* 0 ·829 - 0 ·043 0 ·714 0 ·471 -0·329 0 ·043 0·643 
Ebalia tuberosa 7 0·982** 0 ·295 0 ·679 0·027 0·741 0·830* - 0 ·134 0 ·384 0 ·366 
Hyas coarctatus 6 0·857 0·400 0 ·543 - 0 ·400 - 0·757 0 ·543 - 0 ·784 0 ·400 0·186 
a, Including oceanic areas; b, excluding oceanic areas. 
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Fig. 8. Plots of Td against T BP> rand TLj (see Table 4) for 13 common decapod taxa . Regre!sion lines 
and their 95 ° 0 confidence limits are shown where the product moment correlation coefficients were 
significant (P < 0·05). Open symbols indicate data from oceanic areas. Enlarged symbols indicate > 1 
record plotted at the same point. 
Spearman's rank correlation coefficients for relationships between the mean 
timing of occurrence of decapod taxa which occurred regularly in more than 5 
standard areas and selected environmental variables are shown in Table 4. The 
variables selected were; mean sea-bottom temperatures in February and August, 
mean sea-surface temperature and the timings of the seasonal cycle of sea-surface 
temperature, the spring increase in sea-surface temperature, phytoplankton, the 
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Fig. 9. Cancer pagurus, Aulecyclus rot&mdatus and Monodaeus couchi. Distributions of successive 
development stages (Z, zoea; M, megalopa) in CPR samples in the central and northern North Sea, 
1981-3. The sea bonom isotherms for possibly limiting temperatures are shown in the first chart for 
each species and the residual currents (after Lee & Rarmter, 1981) are given in the second charu. 
spring increase in phytoplankton and of copepods. The timing parameters were 
calculated using data for January to June only for the timing of the spring increase 
of temperature and that of phytoplankton and for the whole year for the other 
values. The correlations for Total Polybiinae were calculated (a) including and 
(b) excluding data from oceanic areas. 
The variables which were most frequently significantly correlated with the 
timing of occurrence of decapod taxa were the sea-bottom temperature in 
February, mean sea-surface temperature and the timing of the spring increase of 
temperature. The timings of 13 decapod taxa are plotted against these param-
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eters in Fig. 8. Where the product moment correlation coefficients were significant 
(P < 0.05) the calculated regression lines and their 95 % confidence limits are 
shown. Timing of occurrence of decapod taxa varied from more than 6 months 
for total Polybiinae to less than 1 month for Upogebia deltaura . The timing of 
occurrence of some taxa in area F4 are apparently anomalous, most notably in 
the case of Cancer pagurus. 
February Temp 
- s· + 
+* a• - 0 0 
a. 
E +* 0> I-- a· (/) - 0 Q ~ 
0 
~ 
< 
+* a• - . Q 
Key 
. No records 0 <50% 
Q 50·200% • >200% 
Fig. lO Distribution of groups B-G (see Figs. 5, 6) of decapod taxa in relation to sea-bonom 
temperature in regularly sampled rectangles over the continental shelf around the British Isles. The 
rectangle are divided into 3 cate.gories according to the sea-bonom temperature in February and 
August (above or below 8 °C in each case). The di:s.._tributions are the numben of occurrences of taxa 
within a group expressed as a percentage of the number expected from a distribution proportional 
to the number of rectangles within each category. 
The seasonal variations in abundance of the pelagic stages of decapods may be 
influenced by dispersive migration of planktonic stages between areas. The 
distributions of successive larval stages of common species were plotted and 
examined for evidence of changes in distribution attributable to advection 
(Fig. 9). The only such evidence from the present data was from the North Sea, 
where the first zoeae of Cancer pagurus, Atelecyclus rotundatus and Monodaeus 
couchi had more restricted distributions than the later zoeae. The distributions 
of the Zls can be considered to be an approximation to the distributions of the 
ovigerous females at the time of hatching. The distributions of Zls were therefore 
compared with sea-bottom temperatures at the time of hatching and maximum 
and minimum values in the rest of the year to identify temperatures limiting 
successful embryonic development or hatching. The occurrences of Zls of 
C. pagurus were all in areas with a sea-bottom temperature in August of > 8 °C. 
The distribution of the equivalent stage of A. rotundatus was approximately 
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limited by the 9° isotherm for July and the 6° isotherm for March. First zoeae of 
M. couchi were found only where the temperature remained above 7 oc + 
throughout the year. The subsequent dispersive migration of the later stages of .. 
these species into areas of the northern North Sea where the Zls were not found 
can be attributed to passive advection in the near surface currents (see Fig. 9). 
Relationships between sea bottom temperature and the distributions of the 
pelagic stages of the benthic and hyperbenthic taxa in groups B-G were examined • 
further. Fifty-two regularly sampled rectangles over the continental shelf around 4 
the British isles were divided into 3 categories in relation to the 8 °C sea-bottom 
isotherms for February and August. Where data were missing, interpolated 
values or, for February when there would be no thermal stratification, sea surface ~ 
temperatures were used. The sea-bottom temperatures in 20 rectangles to the 
.. 
south-west of the British Isles were above 8 °C in both February and August. 
The August temperature was above 8 °C and the February temperature was 
below that value in 15 rectangles, mostly in the southern and western North 
Sea. In 17 rectangles in the central and eastern parts of the northern North Sea • 
both values were below 8 °C. The number of rectangles in each of these 3 • 
categories in which each taxon occurred was determined. These values were 
summed for the taxa in each of groups B-G. The total number of occurrences 
of the taxa within each group in each of the 3 categories of rectangle was expressed 
as a percentage of the number expected from a distribution proportionate to the ' 
number of rectangles in each category. The results are shown in Fig. 10. Groups ... 
B and D were most abundant in areas where the sea-bottom temperatures were 
above 8 oc in both February and August. Group E showed little evidence of a 
relationship with temperature while the other groups were rarer than 'expected ' 
in areas with both values below 8 °C. 
The distributions of taxa with benthic and hyperbenthic adults could also be 
influenced by the nature of the sea-bottom deposits. No relationships could be .. 
demonstrated from the present results between the distributions of pelagic stages 
of such taxa and bottom deposits. 
DISCUSSION 
The data presented here must be qualified by the limitations of the CPR as 
a sampling instrument. The consequences of single-depth sampling in relation 
to decapod larvae have been discussed by Rees ( 1952). The results of the present 
survey show that although the diet variations in numbers of all decapoda taken 4 
by the CPR are small, these variations may significantly influence the results for 
particular taxa (e.g. Goneplax rhomboides). Lindley (1986) found ontogenetic 
variations in depth distributions in addition to interspecific and diel variations. 
The extent of geographical and seasonal variations in vertical distributions are 
not known. CPRs are deployed in waters over 10 m depth and mostly well away 
from coastlines so species common in intertidal and immediately sub-littoral 
zones (e.g. Carcinus maenas) are poorly represented. The distribution of such 
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species in the samples reflect the proximity to the coast of the routes on which 
recorders were towed rather than the total distributions of the species. Taxa 
present in low densities would not be well sampled by the CPR, given that the 
samples contain the plankton from only 3 m3 and each monthly rectangle mean 
value is usually derived from about 3 or 4 samples. 
The analyses presented here show that the most important influence on the 
distributions is depth. The oceanic species were clearly separated from the neritic 
taxa and at least some of the subdivisions of the latter may have been related to 
depth. As the latter groups are mainly composed of the pelagic stages of taxa with 
benthic or hyperbenthic adults, some relationship with depth would be expected 
because the divisions between benthic communities in the open sea are depth 
related (e.g. Glemarec, 1973; Dyer et al. 1983). The dispersive migrations of the 
pelagic stages of a benthic species may extend the distributions of these stages 
beyond the limits of the areas where hatching occurs. This potentially serves the 
function of extending the distributions of the species to new habitats but may also 
result in dispersal to areas where conditions prevent successful completion of the 
life cycle. The advection of larvae of Cancer pagurus, Atelecyclus rotundatus and 
Monodaeus couchi into regions of the North Sea beyond the hatching grounds may 
be examples of this. Alternatively dynamic migrati~ns of the adult females, such 
as the migrations of Cancer pagurus against the residual currents (e.g. Edwards, 
1979) may compensate for the dispersive migration of the larvae and return the 
adult females to suitable hatching grounds. 
The effects of dispersive migrations of pelagic stages, dynamic migrations of 
adults and seasonal homeostatic migrations of benthic and hyperbenthic stages, 
such as those described by Allen (1966) and by Kuipers & Dapper (1984) may 
be expected to minimise correlations between the distributions and seasonal 
cycles of the pelagic stages and parameters of the sea-bottom environment which 
influence the benthic and hyperbenthic stages. It is, therefore, remarkable that 
the timings of occurrence of decapod taxa were significantly correlated with the 
sea-bottom temperature in February more frequently than with any other 
variable included in the rank correlation analysis (Table 4) and that relationships 
between sea bottom temperatures and distributions of the taxa in Groups B-G 
could be demonstrated. 
The influence of sea-bottom temperature may be due to unsuitable tempera-
tures causing mortality of the adults, failure of development of gonads, mortality 
of eggs during incubation or at hatching or mortality of the larvae. Wear (1974) 
found that Liocarcinus holsatus and L. pusil/us died when maintained at 3-4 °C 
(they were viable at higher temperatures) but that isolated eggs survived at such 
temperatures. However, Wear (1974) also found 50 ° 0 mortality at hatching 
between 6 and 9 oc and at first larval moult between 9 and 11 oc in several species 
from British waters. Nichols, Thompson & Cryer (1982) found that no zoeae of 
Cancer pagurus survived beyond the ZI stage below 7 °C in their experiments 
although successful further development was demonstrated at higher tempera-
tures. Mortality at hatching or early larval development provides possible 
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explanations for the relationships between sea-bottom temperature and geo- ! 
graphical distributions. ., 
The relationships between bottom temperature and seasonal cycles may result ~ 
partly from such effects and partly from temperature dependent embryonic 
development times (e.g. Wear, 1974). Geographical variations in the timing of 
occurrence of planktonic larvae of decapods and inferred relationships with 
temperature have been described and discussed by Rees (1952) and Bourdillon-
Casanova (1960). The effects of temperature upon the seasonal cycles may impose .. 
geographical limits on species distributions by causing hatching to occur at 
unsuitable periods. For example, even if no other factors limited their distribu-
tions, hatching of species such as Ebalia tuberosa, Galathea intermedia and Pisidia • 
longicornis in areas significantly cooler than the North Sea would occur after the .. 
end of the productive season, confronting the larvae with poor food supply and 
low temperatures. 
The relationships between the sea-surface temperature and the timings of 
occurrence of decapod larvae may be partly due to the effects of temperature on " 
embryonic development rates (the. sea-surface temperatures would normally be · 
positively correlated with sea-bottom temperatures over the continental shelf) 
b_ut also temperature dependent larval development rates would have an influence. 
Examples of relationships between temperature and decapod larval development • 
are given by Ingle & Rice (1971); Christiansen (1973) and Nichols et al. (1982). 
The differences between the seasonal cycles of Polybiinae in different areas .. 
were almost certainly partly due to regional differences in species composition. 
In the North Sea Liocarcinus holsatus was the most abundant species in the benthic 
samples taken by Dyer et al. (1983) and so larvae of that species were probably 
dominant in the CPR samples from the area. In contrast, the large numbers of 
larvae taken off the Iberian coast in the first 4 months of the year were thought ... 
to be partly attributable to Polybius henslowii. Sivertsen & Holthuis (1956) found 
megalopae and juveniles of this species off the Portuguese coast in samples taken 
in April. This species is rarely found north of50°N (Christiansen, 1982) and larvae 
are unlikely to be common around the British Isles. The timing of occurrence 
of Polybiinae in oceanic areas shows little variation. The benthic adults, which • 
include Bathynectes maravigna and probably Macrop·ipus tuberculatus as well as 
Liocarcinus spp. may inhabit specific depth ranges, the limits of which are 
determined by temperature or' alternatively' hatching may be a response to 
stimuli other than temperature. 
The timing of occurrence of larvae of some decapod species most notably • 
Cancer pagurus in area F4 was apparently anomalous in relation to the rest of 
the data. A possible explanation of this is provided by the up welling on the eastern 
margins of the North Atlantic (W ooster, Bakum & McLain, 197 6) which, in the 
area off Lisbon, is most marked between July and September. 
Some of the seasonal variations in abundance of decapod taxa in the CPR 
survey may be due to homeostatic migrations between inshore areas and deeper 
areas (e.g. Allen, 1966; Kuipers & Dapper, 1984). These migrations could 
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influence the seasonal cycles of abundance of the migrating species in the CPR 
samples in two ways. Probably the most significant effect would be variations in 
the proportions of populations in the offshore waters samples by the CPR, but 
also the adult females would be exposed to a temperature regime different to that 
which those of static populations would experience. The latter effect would 
influence the rate of gonad and embryonic development. The lack of a significant 
correlation between the timing of larvae of Crangon al/mani in the CPR samples 
and sea bottom temperature may be a result of the migrations undertaken by the 
adults (Alien, 1966) . 
The remarkable similarities in the timing of occurrence of Upogebia de/taura 
in different areas may be due either to responses of the reproductive cycles to 
temperature-independent stimuli such as tidal rhythms or photoperiod or to 
partial insulation from sea temperature of the adult as a result of its burrowing 
habit. The regression coefficient for the relationship of timing of Ca/lianassa 
subterranea larvae and sea-bottom temperature in February is smaller than that 
for most other species and this may also result from the burrowing habit of the 
adults. 
Thls work forms part of the programme of the Institute for Marine Environmental Research, 
a component of the Natural Environment Research Council. The programme is panly financed 
by the Ministry of Agriculture, Fisheries and Food. I am grateful to all those responsible for the 
maintenance of the CPR programme and in particular the co-operation of the owners, masters and 
crews of the vessels which tow the recorders. 
I thank Or R. W. Ingle and Mr S. Y. Hong for comments on identification of some of the 
brachyuran larvae . 
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Anomalous seasonal cycles of decapod crustacean larvae in 
the North Sea plankton in an abnormally warm year 
J. A. Lindiey a, R. Williams a and H. G. Hunt b 
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.4/ister Hardy Foundation for Ocean Science. c{o P(vmouth Man·ne Laboratory. Plymowh. De~·on. UK 
(Received 30 June 1992; revision received 5 October 1992; accepted 21 October 1992) 
Abstract: In 1989 the seasonal cycles of most common decapod larvae in Continuous Plankton Recorder 
samples taken in the North Sea were significantly different from those described for 1947- 1951 and for 
1981 - 1983. In all cases where the differences were significant the larvae occurred earlier in 1989 than in 
previous years. Zoeae of Atelecydus rorundatus were found in the Southern Bight in the spring. The winter 
of 1988-1989 was exceptionally mild with air temperatures over Great Britain ~-3 ~c above average and 
positive temperature anomalies persisted through the year. The sea surface temperatures in the North Sea 
were also mainly higher than usual . The events were treated as a "natural experiment" to examine effects 
of the high temperatures on seasonal cycles of decapod larval production and the implications of these ef-
fects for marine communities with reference to predicted global warming. The relationships between timing 
of occurrence of the larvae in the plankton and parameters of sea temperatures were generally co nsistent 
~ith previous results from studies of geographical variations, and possible causal mechanisms are discussed 
in the light of the 1989 data. 
Key words: Decapoda; Larvae; Seasonal cycle; Distributions; North Sea; Climate: Global warming 
INTRODUCTION 
During analysis of Continuous Plankton Recorder samples taken in the Southern 
Bight of the North Sea in March 1989 zoeae (stages I-III) of Atelecyclus roiUndarus 
were identified . Previous published records of larvae of this species from the North Sea 
were from the northern and central western North Sea during the summer (e.g. Rees, 
1952, 1955; Rornimohtarto, 1980; Lindley, 1987) and consistent with hatching occur-
ring mainly in northern Scottish coastal waters with subsequent advection southwards 
and westwards. There is, however, an unpublished record in Rees' notes of 2 zoeae 
from a CPR sample taken at 51 o 50 ' N 3 :l 15 ' E on 1 September 1946 (on tow 102R, 
see Rae, 1952). Adult Atelecyclus have been noted from the Southern Bight by Adema 
et al. ( 1982). Larvae of Liocarcinus spp., records of which in the North Sea have usually 
been in the summer and a zoea of Processa canaliculata, which has not been recorded 
Correspondence address: 1. A. Lindley, Natural Environment Research Council, Plymouth Marine Labo-
ratory, Prospect Place, Pl}'mouth, Devon Pll 3DH, liK 
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previously in the Southern Bight, were found in samples on the same CPR tow as the 
March 1989 records of Are/ecyc/us and on other tows in the southern North Sea in the 
spring. 
In the area around the British Isles the winter of 1988-1989 was exceptionally mild 
(Northcott, 1989) and average North Sea surface temperatures were 1-2 cc above 
normal (see Fig. 1 ). Positive anomalies in air temperature over the British Isles and sea 
surface temperature in the North Se~ persisted through the rest of the year (Northcott. 
1990a,b,c, and Fig. I). During the last decade global annual mean temperatures have 
exceeded previous instrumental records on several occasions. These unusually high 
Jui - Aug -Sept 
- 2 
Oct-Nov-Dec 
50 60 70 
YEAR 
80 
Fig. I . Seasonal sea surface temperature anomalies for 1948- 1989 standardised to zero mean and unit 
variance. (Data from U.K. Meteorological Office). 
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temperatures are consistent with predictions of global warming due to the "greenhouse 
effect" (e.g. Pearce, 1991) but there are also correlations with solar cycles (Friis-
Christensen & Larsen, 1991;). 
Crisp (1965) and Cushing (1'982) discussed the effects of climatic amelioration on 
the marine fauna north-west Europe and also described the effects of cold winters 
including mass mortalities of benthic invertebrates. Buchanan & Moo re ( 1986) showed 
that species diversity was 'lower after cold winters than after warm winters off the 
Northumberland coast (north-east England~, Beukema ( 199.1) found young shore crabs 
(Carcinus maenas) occurred significantly earlier and were more abundant after wann 
winters than after cold winters. Holmes & Henderson (1990) found unusually large 
numbers.offive species of fish and the swimming crab Liocarcinus holsalus in the Severn 
Estuary in 1989 and suggested that these were a consequence of high temperatures. 
Rees ( 1952) attributed low abundance and late occurrence of decapod larvae in the 
North Sea in 1947 to low bottom temperatures during the winter which persisted 
through much of that year. Lindley (1987) concludedfrom comparisons between areas 
that the geographical differences in timing of occurrence of decapod larvae in the 
plankton were correlated with winter sea bottom temperature, annual mean sea sur-
face temperature and the timing of the spring increase in temperature. Also the geo-
graphical range ohuccesful breeding in some species, including Atelecyclus rotundatus 
appeared to be limited by winter temperature and temperature at the time of hatching. 
The warm winter of 1988-1989 and the apparently anomalous distribution and 
timing of occurrence of some decapod larvae provided an opportunity to treat the 
events as a "natural experiment'' (Diamond, 1986) so CPR samples taken in the North 
Sea in which decapod larvae had been recorded were re-examined. The objective was 
to examine the applicability of the relationships between parameters of sea _tempera-
ture and geographical variability in the seasonal occurrence decapod larvae •to inter-
annual variations in temperature and the validity of the apparent temperature depen-
dent limitations to successful hatching (Lindley. 1987). The results could also indicate 
some possible consequences for marine communities of predicted global warming. 
MATERIALS AND METHODS 
The Continuous Plankton Recorder has been described by Hardy ( 1939) and the 
method of analysis were explained by Rae ( 1952) and Colebrook ( 1960). The record-
ers are towed at a depth of approximately 10 m by merchant ships and Ocean Weather 
Ships on regular routes. The routes sampled in the North Sea in 1989 are shown in 
Fig. 2a. Plankton is collected on a moving band of gauze and preserved in the CPR. 
On return to the laboratory the band of gauze is divided into sections representing 
16 km of tow during which 3m3 ofwater will have been strained and the plankton on 
alternate sections is analysed except on certain short tows on which every sample is 
analysed. Samples in which decapods were recorded in 1989 from six standard areas 
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~·[ to•£ 
Fig. 2. (a) Routes on .whichCPRs.were towed in 1989. Continuous lies are routes where,instrumented CPRs 
were·deployed and dolled lines.indicate,plankton sampling only. (b) Standard areas of the CPR survey in 
the North Sea. 
(see Fig. 2b) were re-examined and the decapods· were identified usually to genus or 
species, and'the·developmental stage:of each was noted as described by Lindley (1987). 
tin addition to the plankton sampiing mechanism, CPRs on four routes in. the North 
Sea (see :fig. 2a·) were fitted with electronic sensors measuring a range of variables and 
logging the data in solid state memory as described by Williams & Aiken (1990). 
Temperature was measured by a fast response ldronaut ·(Milan) Pt lOO resistance 
thermome.ter with an accuracy of 0.1 cc. 
RESUL'fS 
The temperature data from instrumented CPRs in 1989 were compared with the 
monthly average temperatures for 7.5 m depth· from Tomczak & Goedeke ( 1962). The 
results are shown in Fig. J. T-emperatures in 1989 were higher than usual on all tows 
in the winter (January...:March), usually by l-3 cc and were more often. above than 
below normal fonhe rest of the year. Temperatures on the M route across the northern 
North ~ea in. the summer and autumn were near to normal, and· .in July were below 
normal in the ,Sal tic outflow waters near to the Norwegian coast. ·In contrast, values 
from the southern part of the LR route mainly remained significantly higher than· usual'. 
It should be noted that in June the l:..R and M routes, on which temperatures were close 
•to the long•termmonthly mean were taken early in.the month when·temperatures would 
still be rising, and ·in· October the LD and' LG route were taken at nea~ly the end of 
the month when temperatures would be falling. In each case temperatures taken in the 
middle of the month would be expected' to be higher. 
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Figure 4 shows the long-term ( 1946-1990) mean and 1989 seasonal cycles of phy-
toplankton, copepods and decapods in Area 82, where inflow around the North of 
Scotland makes seasonal cycles different from the rest of the North Sea (Lindley, 1987), 
and the mean of the other five standard areas in the North Sea. The .long-term mean 
and 1989 values for tii:ning qf seasonal cycles and the timing ofthe spring bloom of 
phytoplankton (calculated as described by Colebrook & Robinson, 1965) in the North 
Sea areas, excluding 8 I where there were insufficient data in 1989 for these values to 
be calculated, are listed in Table I. In 1989 decapods occurred earlier than normal in 
all areas. l'he spring bloom ofphytoplankton was earlier in all areas except for 02 and 
the timing.of the annual cycle of phytoplankton• was earlier in all areas except B2. The 
timing of the seasonal cycle of copepods was earlier than usual in D I and 02 but later 
in other areas. 
Oecapod' larval species (or higher taxa) which were sufficiently abundant for analysis 
of the seasonal cycles are listed in Table Il. Each data set was standardised and the 
difference between the standardised monthly values and the standardised value of zero 
[Le. { (·x- x)/ q} + {(x/ q):] was plotted. Graphs of seasonal abundance of these species 
in 1989 and the mean for 1981-1983 are given in Fig. 5. The data for -five areas: 81, 
Cl, C2; D•l ~d .02 \\•ere combined but area 82, the north-western North_ Sea, was 
·Ph)loplonklcn 
0 .-------------~-~~~~--------------~-. 
1-
z 
:::1 
i :1 ~~~~ 
c:r v ...... ·-·-·-·w··-·-·~LJ 
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~ L--------------------L------------------~ 
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;gg~ ~ . ~gg~  --~ 100~-#1 - I •I I~ 100~  ~ ~ ~ ~~ ,Q 
JFMAMJJASOND' JFMAMJJASOND ~L_ ______________ L_ ____________ ~ 
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. . 
. ! ~_,,--~-~ I I ~Q 
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Fig. 4. Seasonal cycles ofphytoplarikton, copepods and decapods in areas B I. Cl. C2. D I and 02 com-
bined and in area B2 (see Fig. 2 for key to areas). Phytoplankton is given in arbitrary units and copepods 
and decapods are mean numbers per sample. Solid symbols are long-term mean· (1946-1990) values and 
open symbols are 1989 values, 
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TABLE •I 
Ph)toplankton, copcpods and dccapods in the Nonh Sea, Timing of the seasonal cycles and .of the spring 
bloom of phytoplankton, mean values for 1946-1990 and: for ·1989. Y:P =timing of the seasonal cycle of 
phytoplankton: TPi= timing of the spring bloom of ph)toplankton: T" =timing of the seasonal cycle of 
copepods; Td =timing of the seasonal q:cle of decapods. ltJnits are months from the stan of the year. 
L TM = Long-term mean .(·1948-1989), 
Area •Ph)toplariklon Copepods Oecapods 
TP rpj Tc rd 
82 LTM 6.3 6.1 6:9 7.1 
1989 6.7 5.0 7.2 5.8 
Cl ·LTM 7.3 4.4 6:9 7.6 
1989 6.5 4.3 7.4 7.3 
C2 LTM 7.0 4.8 6,9 7.7 
1989 6,~1 4.2 7.4 7.4 
01 LTM 6.8 4'.9 6.9 7.5 
1989 5.6 4.1 6,1 6.3 
02 L:rt-t 7.0 4:8 7.2 n 
1989 6.7 4.8 6.7 7.1 
Bt. o.c~. L T>M 6:9 0 6.9 7.6 
Dl. 02 1989 6.1 4,3 6.6 6.9 
treated separately. The mean timing for each species or group of species in each area 
was calculated and compared with tile equivalent values for these. parameters for 
198,1·-1983 by means oft-tests. The significance of differences are shown in Table Ill. 
In-each case where the data were adequate to describe a coherent seasonal cycle in both 
1989 and 198 i -1983, the timing was either significantly earlier in 1989 than in the 
earlier years or there was no significant difference. The areas in which the differences 
were most· significant were the southern areas, D I and 02. The species for which the 
timing was significantly earlier in 1989 than in previous years in all areas where it was 
TABLE :11 
Oecapod larvae. Species for which·seasonal cycles in the Nonh Sea in 1989 were analysed. All were analysed 
in cornbined areas Bl'. Cl, C2, 01 and 02. Where datafor'B2 were also analysed the code number for the 
area is appended. See Fig. 2 for area boundaries. 
Ca/Jianassa subtenanea (82) 
Upogebia deltaura 
Pisidia longicomis 
Pagurus bemhardw 
Corystes cassi•-elaunus 
Polybiinae:(mainly Liocai'cinus spp.) (82) 
Canur pagurus (82) 
Atekcyclus rotundatus (82) 
Hyas.coarctatus (82) 
4S 
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AREAS 81,C1.C2.01 & 02 AREA 82 
3 4 
2 
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J F M A M J J A S 0 N 0 
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4L . 4L . :Q~~l&~q ::~A 
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PeguhJS. bernhardus. 
~ 
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·F M J· J A S 0 N 0 
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Fig. 5. Seasonal cycles of decapod ta\a in areas 81, Cl. C2. D1 and D2 combined and in .area 82 (see 
Fig. 2 for key to areas). The scale is in standard·deviations from the mean of each data set above the (zero) 
base:line. Solid symbols are 1981-1983 values and, open symbols are 1989 values. 
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TAB!:E Ill 
Oecapoda in the Nonh Sea. Significance of the.difference in timing between 1989 and the mean of 1981-
1983. ns, not significant; • p<0.05; •• 0!05>p>0.01; ••• 0.011>p>O.OOL -,insufficient data. See Fig. 2 
for area• boundaries. 
Species 
c al/ianassa subrerranea 
Upogebia delraura 
Pisidia longicomis 
Pagurus. bemhardus 
Cory·sres · cassivelaunus 
Polybiinae 
Cancer pagarus 
Arelecyclus rorundatus 
Hyas. coarctatus 
82 
ns 
• 
• 
••• 
ns 
Cl C2 
•• • 
ns • 
••• 
ns ns 
ns 
•• • 
ns • 
ns 
ns 
Area 
01 02 Bl, Cl, C2. 01 and 02 
... • • 
••• • •• 
•• •• 
ns ns 
• ns ns 
•• •• • • 
•• • •• 
• 
••• •• 
possible to·make a comparison were Liocarcinus spp. and Pisidia /ongicomis. The lat-
ter species was sufficiently abundant for comparisons to be made in Areas D 1 and D2 
only. Pagurus bemhardus was the only species considered here for which the mean 
timing of occurrence was not significantly e.arlier in l989 than in 1981-1983 in any area. 
This is because the larvae ofthis species occur over a prolonged period of the year in 
the North Sea and this results in a large standard deviation of the estimate oftiming. 
It is, however, noticeable that the peak in· abundance ofP. bemhardus larvae in the main 
body of the Nonh Sea was in May in 1981-1983 and Rees (1952} concluded that the 
main hatching each year was in April or May, but in 1989 the larvae were most 
abundant in March. There was no significant difference between 1989 and the 1981-
1983 mean timing of larvae of Corystes cassivelaunus and H,ras coarctatus in two cif the 
three standard areas for which comparisons could ,be made in each case. ·Jn all cases 
where there was a clear advance in timing the early zoeal stages occurred'earlier in 1989 
than in 198 f--1983 and the later zoeae and megalopas were most abundant when the 
earlier zoeae would normally be dominant. 
A potential problem in interpreting the data was a difference in sampling distribu-
tions between 1989 ·and earlier years. The distributions of benthic adults may be 
localised and thus make the results for themeroplankton more susceptible to relatively 
small changes in sampling locations than those for the holoplankton which respond 
consistently to climatic variation over large areas (Dickson et al., 1993 ). The route 
between Harwich. and the Hook of Holland (route R, Fig. 2a) was not one on which 
CPRs were towed in 1947-1951 or in 1981-1983, although a route between Hull and 
Rotterdam was operated in the former period and the LG route, nonh-eastward from 
Harwich was in operation in 198·1-1983. Unfonunately, in 1989, recorders towed on 
the LG route in March and April did not sample successfully in the Southern Bight 
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Fig. 6. Temperature recorded by an Undulating Oceanographic Recorder between 54 ' 00 ' N. oo= OS ' E to 
55° 20 ' N, 00 " 53 ' W, starting at 2110 on l August 1989, (a) Linear plot of temperature against time. 
(b) Contour plot of temperature against time and depth. 
and in May the tow terminated at Grimsby rather than Harwich. Also the HE route 
(Fig. 2a) was not operational from January to May 1989. The bulk of the data from 
areas D 1 and D2 in the late winter and spring came, therefore, from the R route. The 
species and stages present on the February LG and the June and July HE routes were 
similar to those on the R routes in the same months so the timing of events should not 
have been greatly influenced by the distribution of samples. Recalculation of the data 
for these two areas and the means for the five standard areas excluding the R routes 
gave few significant differences in timing from the data including those routes, and the 
only difference to the comparison with the 1981-1983 mean was to make the differ-
ence for Corystes in D 1 not significant. In area D2 in 1989 Hyas larvae occurred only 
on the R route, so no comparison could be made. 
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Two exceptional events influenced the seasonal cycles in the main body of the North 
Sea in 1989. One was the occurrence of Atelecyc/us rorundarus larvae in the Southern 
Bight (on the R route) from March to May, and the other was the abundance of lar-
vae of Pisidia longicornis in a single sample taken off Flamborough Head at 54° 07 ' N 
00 ° 01 ' Won 8 August 1989. 
As Atelecyc/us larvae were not recorded in the Southern Bight in 198 1-1983 the 
seasonal cycle in Area 02 could not be directly compared with previous results. The 
seasonal cycle of this species in Area C2 in 1989 was not significantly different from 
1981-1983 although a few early zoeae were taken on the LR route in June. Previous 
CPR records of early Atelecyc/us zoeae from the North Sea were restricted to the area 
north of the Forth, although Romimohtarto ( 1980) recorded a first zoeae off Northum-
berland in July 1978. 
The sample in which P. /ongicornis was exceptionally abundant contained 1165 de-
capod larvae of which 996 were P. longicornis; 113 first stage zoeae, 759 second stage 
zoeae and 124 megalopas. Data for Pisidia longicomis in Area 02 were reprocessed 
excluding the sample containing exceptional numbers. The results showed no signifi-
cant difference in timing from the data including that sample. 
No instrument package was attached to the CPR towed on the LR route in August 
but the sample in which Pisidia longicornis larvae were very abundant corresponded 
almost exactly to the position of the sudden change in temperature near to the southern 
end of the July LR route (see Fig. 3). Results from a tow with an undulating oceano-
graphic recorded (UOR) (Aiken, 1981) between Grimsby and Aberdeen on 1-2 August 
show that this temperature change marked the position of the front between the mixed 
and stratified waters (see Fig. 6). 
DISCUSSION 
According to Sastry ( 1983) ''timing of hatching of eggs and larval release may in-
volve endogenous factors within the egg and female parent, and interaction between 
endogenous and exogenous factors" . The dominant factor in determining the duration 
of embryonic development is temperature, the relationship may be expressed as a 
simple potential equation or a Belehnidek equation (Wear, 1974; Valdes et al., 1991). 
Endogenous factors are certainly involved in regulating the semi-lunar (14.5 day), tidal 
and diel tight-regulated rhythms (e.g. Forward, 1987; Paula, 1989). Most of the spe-
cies known to respond to semi-lunar rhythms are littoral or supra-littoral but most of 
the larvae sampled by the CPR are from sub-littoral populations. Few sub-littoral 
decapods respond to semi-lunar cycles and some (e.g. Nephrops norvegicus and Homarus 
gammaru.s) are known to release larvae on consecutive nights over periods which may 
exceed a single semi-lunar cycle (Forward, 1987). Many of the shifts in timing described 
here are greater in magnitude than a lunar cycle. Similarly the shifts are greater than 
would result from any possible systematic variation in the timing of towing of CPRs. 
There is no evidence of any such variation . 
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Other exceptional events in the plankton in the North Sea in 1989 were detected by 
the CPR survey. In the early months of the year the diatom Thalassiothrix longissima 
was more abundant than at any time since 1954 (Reid et al ., 1993). In the summer 
the peak of abundance of common species of the dinofiagellate genus Cerarium oc-
curred more than a month ear}jer than usual over much of the North Sea (Dickson 
et al ., 1993). From October to December Doliolids were found in the south-eastern 
North Sea for the first time since 1911 (Lindley et al., 1990). Each of these events has 
been attributed to climatic factors and it does not seem necessary to propose alternative 
explanations for the anomalous seasonal cycles of decapods in the same year. 
Lindley (1987) proposed that the relationships between sea bottom temperature and 
the geographical limits to successful hatching and larval development of decapods 
could be attributed to temperatures descending below a lethal lower funit for adults, 
eggs or the larvae or to temperature dependent failure of gonad development. The le-
thal lower temperature limits given by Crisp ( 1965) for intertidal decapods, including 
Pisidia /ongicomis and Cancer pagurus are near to 0 cC, well below the limit (8 cC) in-
ferred by Lindley (1987) for successful hatching for the latter species. Adult Atelecyclus 
ro!Undatus were found by Dyer et al. (1983) in areas of the North Sea beyond the limits 
of occurrence of early zoeae (Lindley, 1 987). Effects of temperature on gonad devel-
opment, egg development or hatching or larval survival as well as temperature depen-
dent embryonic development times could constitute causal mechanisms for the corre-
lations between bottom temperature and the timing of occurrence of decapod larvae 
in the plankton. Correlations of timing of occurrence of larvae \\~th sea surface tem-
perature were attributed partly to positive correlation between surface temperature and 
the bottom temperature influencing gonad and embryonic development, and also to 
temperature dependent larval development times . Data published since 1987 and the 
present data provide an opportunity to test some of these conclusions. 
The timing of occurrence of larvae of common decapods in the North Sea in 1989 
was compared with the significant regressions against three temperature parameters 
derived from geographical variations by Lindley ( 1987). These regressions are }jsted in 
Table IV. According to the regression of the timing of Callianassa larvae against winter 
sea bottom temperature the present results were consistent with temperatures of over 
12 o C, several degrees higher than the recorded temperatures. The predictive value of 
that regression can be rejected but the direction of change is consistent with the sea-
sonal cycle being correlated with temperature. Excluding this, the other regressions 
were, overall, consistent with a winter temperature l. 7 o C above the 1981-1983 val-
ues, mean sea surface temperatures 1.0 oc higher and an advance of a week in the 
timing of the spring increase in temperature. The actual difference in winter tempera-
ture was 1.4 c: C and in mean surface temperature 0. 9 o C (see Fig. 1 ). The difference in 
timing of the spring increase in temperature is probably below the level of resolution 
of the CPR survey with tows at monthly intervals . The results suggest that the regres-
sions based on geographical variations are generally valid for interannual variations 
within areas . 
, 
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TABLE IV 
Regressions derived by Li ndle~ relating timing of occurrence of decapod larvae ( Td) to bottom temperature 
in Februar) (r 8 F ). mean sea surface temperature (r) and timing of the spring increase in temperature (T,1 ) . 
Species 
C allianassa subrerranea 
Cpogebia delraura 
Pisidia longicomis 
Pagurus bemhardus 
Polybiinae 
Cane er pagarus 
A telecyclus rotundatu.t 
Hyas coarcrarus 
Id= 9.3 1 - 0.2t8 F 
T0 = 13.0-0. t 8 F 
Td 12.8- 0.83tBF 
Td = 10.6- 0.51eF 
TJ = 15.5- U 7t8 F 
Td = 8.16- 0.5l t8 F 
Td = IS.:!- 0.6St 
rd = 15.6 - 0.98r 
rd = I3.o- o.s7, 
Td = 18.0- 1.14r 
Td=ll. l -0.67r 
rd = - ::!.65 + 2.13 r,1 
Td = 3.88 + l .O: T,1 
rd =- 20.1 + 7.3T,1 
rd = - 11.1 + 6.48 T,1 
Td = 13.5 + 5.38 T,1 
Corysres cassivelaunus, Pagurus bernhardus and H_vas coarcratus, the species for which 
the seasonal cycles in 1989 showed little significant difference from the 1981 -1983 
mean are all species which have the peak in their seasonal cycle in the North Sea in 
the spring (Rees, 1952; Lindley. 1987). The other taxa for which results are presented 
are normally most abundant in mid- to late summer. Corystes and Hyas both have 
incubation periods of about 10 months (Hartnoll, 1963. 1972) including diapause pe-
riods of 14 and 16 weeks respectively (Wear. 1974) and consequently produce a single 
brood per year. Pagurus bemhardus may produce several brood s (Lancaster, 1990) but 
it would appear that the first is the most productive of larvae. It may be that the spring 
bloom acts as a stimulus to hatching but no significant correlations between the tim-
ing of decapod larvae and the spring bloom of phytoplankton were found by Lindley 
( 1987). The taxa for which the peak of larval abundance in the North Sea is in the 
summer include Cancer pagurus which carries its eggs over the winter (Edwards, 1979) 
including a diapause period of 8 weeks (Wear. 1974) and produces a single brood ; 
Upogebia delraura which produces a single brood spawned in the same year (Tunberg, 
1986); and Liocarcinus spp. which may produce multiple broods annually (Wear, 1974). 
The timing of occurrence of larvae of these taxa which have their maximum abundance 
in the summer appears to be influenced more significantly by the effects of tempera-
ture than the species which hatch in the spring. 
The distribution of records of adult Atelecyc/us from the Southern Bight (Adema 
et al., 1982) and Rees' unpublished larval record could be interpreted as the results of 
advection during larval development following hatching in the eastern English Chan-
nel, where the species had been recorded previously (lngle. 1980). The residual currents 
in the Straits of Dover are from the English Channel to the North Sea (Lee & Ramster. 
1981). Reid et al . ( 1988) show that water passing the Straits of Dover reaches the areas 
of the Southern Bight where Ad em a et al. ( 1982) recorded the adults within 60 days. 
which approximates to the duration of larval development of brachyura with five zoeal 
stages at 15 :. C (Lindley. 1988). The present record s of early zoeae on the R route 
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indicate successful hatching in the area. The latest stage found in the area was a zoea 
V taken in May. From the distribution of early zoeae in the northern North Sea and 
in other seas around the British Isles, Lindley ( 1987) concluded that successful hatching 
of Arelecyclus larvae, as indicated by the occurrence of the first stage zoeae. was re-
stricted to areas where the winter sea bottom temperature remained above 6 o C and 
the bottom temperature at the time of hatching was about 9 o C or more. The mean 
position for the March 6 = C isotherm (selected from Tomczak & Goedeke. 1962. as 
the extreme position for the isotherm) and the July 9 =c isotherm are shown in Fig. 7a. 
It can be seen that the normal limits to the potential successful breeding range include 
an area of the Southern Bight, as well as areas off north-east Scotland and a strip of 
coastal water off north-eastern England, roughly from the Tyne to the Humber. Nor-
mally sea bottom temperatures do not reach 9 cc until May. The temperatures recorded 
by instrumented CPRs at the southern end of the LG route in February and March 
were about 2 cc above normal. An anomaly of this size on the R route in Februar: 
and March would give temperatures of 7.5-8.0 cC. A re-examination of the tempera-
ture data for the northern North Sea shows that a limit of 8 ~ C rather than 9 o C at the 
time of hatching only slightly extends the potential breeding range (Fig. 7b) and the 
records of early zoeae in Lindley (1987) are within this area. The area of the South-
ern Bight in which temperature usually remains above 6 = C throughout the year is close 
to the route on which the Arelecyclus larvae were found in thi s survey, so successful 
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Fig. 7. The potential breeding range of Atelecyclus ronmdatus under normal conditions. (a) Assuming lim-
its of sea bottom temperature of 6 = C (dotted line) in March and 9 : C (solid line) in July. The potential 
breeding range in the North Sea is indicated b) vertical shading. (b) Assuming limits of sea bottom tem-
perature of 6 oc (dotted line) in March and 8 "'C (solid line) in July. The potential breeding range additional 
to that shown in (a) is indicated by diagonal shading. 
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hatching should have been possible in less exceptional years. The records of Arelecyclus 
rotundatus and Processa canaliculara in the Southern Bight from the CPR survey in 1989 
which were initially believed to indicate expanded geographical distributions or breed-
ing ranges may have been due to the paucity of previous data from the area. Rees' 
unpublished record of an AtelecJ:c/us larva could have been of a late larval stage 
transported from the eastern Channel, or may be representative of local production at 
normal temperatures in the area. 
Rees ( 1955) re-examined some CPR samples from the southern North Sea taken in 
1938 and found approximately 800 P. longicomis larvae in one sample taken off the East 
Anglia coast at 53 ~ 00 · N 1 = 45 · E. The sea surface temperatures at Smith's Knoll 
LightVessel(52 : 43 ' N, 02 = 18 ' E)werehigherthanusualin 1938(Jones&Jeffs, 1991) 
and over the Northern Hemisphere that year was the warmest between 1881 and 1980 
(Jones, 1982). The area off East Anglia was the main centre of abundance of this species 
was found in 1950, when the larvae were more abundant than in any other year from 
1947 to 1951 (Rees, 1955). The surface temperature in the North Sea in the winter of 
1950 was the second highest in the series shown in Fig. 1 and the sea temperature in 
the Spring was also well above the mean . It is therefore reasonable to suggest a causal 
relationship between climate and these very high concentrations of Pisidia longicomis 
larvae in the North Sea. The proximity of the present unusual concentration of Pisidia 
larvae in a sample close to the Flamborough front might suggest that the phenomenon 
was directly related to the front, possibly through a dense adult population or enhanced 
fecundity due to benth.ic enrichment (Creutzberg, 1984) or beneficial effects of high 
primary production on larval survival. However the location of the sample taken off 
the East Anglian coast in 1938 was not near a front, so some other variable or com-
bination of variables must be used to explain these dense concentrations of Pisidia 
larvae. The location of the present record is in a small area of high bottom stress 
(maximum > 20 dynes·cm -~)resulting from tidal streaming (Pingree & Griffiths. 1979). 
The area of the exceptional record in 1938 and the high values in 1950 is also an area 
of high bottom stress. As the adults are noted as being common on rock and gra\'el 
(e.g. Bruce et al., 1963; Alien, 1967) the geographical relationship with bottom stress 
can be attributed to the habitat preferences of the adult. 
The consistency of many of the events in 1989 with relationships, derived from 
geographical variations by Lindley ( 1987), between seasonal cycles of decapod larvae 
in the plankton and temperature provides an opportunity to speculate on some pos-
sible consequences if predictions of global warming are fulfilled . These seasonal cycles 
are of significance to both the benthos and the plankton. Fluxes between these com-
ponents of the marine ecosystem due to larval release and settlement are significant in 
modelling ecosystem dynamics (Radford et al., 1988) and may contribute to interac-
tions influencing community structure (Warwick et al., 1986). The variations in the 
timing of the larvae in the plankton reflect variations in the timing of hatching and 
settlement. Rees ( 1955) found that the most abundant decapod larvae in the North Sea 
from 194 7 to 195 1 were Polybiinae; recorded by him as Ponunus spp. and probably 
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mainly Liocarcinus holsatus in the North Sea (Baan et al., 1972; Dyer et al., 1983); 
Upogebia delzaura, Callianassa subcerranea, Cancer pagurus, Pisidia ( = Porcellana) lon-
gicornis and Pagurus ( = Eupagurus) bernhardus. Lancelot ( 1990) showed that P. bern-
hardus requires low temperatures (6-8 °C) to stimulate egg production. This explains 
the contrast in the seasonal occurrence of larvae of this species between the English 
Channel, where they occur only in the first half of the year (Bodo et al., 1965; Lindley, 
1987) and the North Sea where they occur through much of the year (Rees, 1952; 
Lindley, 1987). Significant warming could restrict the duration of the larval season in 
the North Sea and even limjt the distribution of this species, the most abundant her-
mit crab in British waters. It may be that a minimum temperature threshold contrib-
utes to the contrasts between areas in seasonal cycles of some species such as Can-
cer pagurns and A telecyclus rotundarus. Larvae of these species are most abundant in 
the first half of the year in the English Channel but in late summer in the North Sea 
(Lindley, 1987). The early occurrence of A telecyclus in the Southern Bight in 1989 may 
be an indication of the seasonal cycle which would prevail in the North Sea if tem-
perature increases. This could be of economic significance if the geographical pattern 
of dispersive migration, mortality in the planktonic stages or success of settlement of 
larvae of Cancer were altered. Pisidia /ongicornis is more or less at the northern lirrut 
of its distribution in the North Sea. Larvae of thjs species are most abundant in July 
in the English Channel but in August or September in the North Sea (Lindley, 1987). 
Increasing temperature could advance the timing of the peak of abundance by about 
a month. The abundance of this species may increase and the occurrence of dense 
swarms of the larvae could become more regular. The larvae of both Callianassa 
subterranea and Upogebia deltaura occur in mid- to late summer throughout their dis-
tribution range in European waters (Thiriot, 1974) so large scale changes in timing in 
the event of warming would not be likely although changes could, nevertheless, be 
significant. 
The overall effects of changes in tirrling of the larvae on the ecosystem are not known. 
Earlier release of larvae by females producing single broods would give them more of 
the productive season to recover and lay down reserves for the next brood. wrule those 
producing more than one brood could produce more broods per year unless the au-
tumn decline in plankton abundance also occurred earlier. Larvae occurring at different 
stages in the seasonal development of the plankton may encounter different feeding 
conditions leading to different growth patterns and mortality. The potential importance 
of matching fish larval production with the timing of occurrence of food organisms has 
been emphasised by Cushing (1982). Generally, higher temperatures will speed larval 
development (Lindley, 1988) and will influence the rates and efficiency of growth of the 
larvae (e.g. Dawirs et al., 1986). The larvae of more species of decapod occur in the 
English Channel than in the North Sea (Baan et al., 1965; Lindley, 1987) but species 
absent from the North Sea with their seasonal maxima later in the year than the 
common North Sea taxa are not abundant. Even if these denizens of milder climes were 
to spread into the North Sea the total ftuxes between the benthos and the plankton due 
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to pelagic development of decapods would, overall, occur earlier in the seasonal cycle. 
The rate of expansion of distributions by benthic organisms with pelagic larvae is 
dependent on the rate of'colonisation of new sites exceeding local extinctions (e.g. 
Kendall, 1987). The ability of larvae to cross areas of unsuitable substrate or depth for 
settlement will depend on the duration of larval development and the direction and rate 
of water movement. Settlement patterns may be influenced by the settlement behav-
iour of the megalopae: for example, 1 ensen ( 1989) demonstrated that some porcellanids 
settled preferentially in the proximity of conspecific adults. Such behaviour could re-
duce the potential rates of spread of a species. 
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Vertical distributions of decapod crustacean larvae and pelagic 
post-larvae over Great Sole Bank (Celtic Sea) in June 1983 
J. A. Liodley 
Natural Environment Resea.rch Council , Institute for Marine Environmental Research: Prospect Place. The Hoe, Plymouth Pll JOH, 
Devon. England 
Abstnct 
Variations in the vertica l distributions of pelagic stages of 
decapod crustaceans are described from li\'e hauls taken 
over the Great Sole Ba nk in June 1983. Anai)Ses of the 
results discriminated between the distributions mainl~ 
according to the time of day at which the hauls were 
taken. suggesting that diel va riations were thei r most 
significant fea ture. Substan tia l ontogenetic variations were 
observed in the distributions of Processa canaliculata. 
Introduction 
The pelagic stages of decapod crustaceans can be signifi-
cant and occasional ly dominant components of the zoo-
plankton (e.g. Tenore et al .. 1982). Pre\'ious studies of 
,·enical distributions of decapod larvae in continental shelf 
waters have generally presented data for decapods as a 
single group (e.g. Southward and Barrett. 1983) or divided 
mainly into families and higher taxa (e.g. Russell. 1931 ). 
In this paper. the vertical distributions of de ea pods. 
identified to species except for la rvae of Liocarcinus spp. 
which were identified to genus o nly. are described and 
analysed. Further data on distributions of different devel-
opmental stages within species (or the genus Liocarcinus) 
are presented. 
Materials and methods 
Decapods taken in fi ve oblique hauls. each of 19 to 26 
samples from 120 m to the surface. during a cruise of 
R.R.S. "Cha llenger'' in the coa rse-mesh sampler of the 
modified Longh urst-Hardy Plankton Recorder (LPHR ) de-
scribed by Williams et al. ( 1983). were identified to species 
(except for the genus Liocarcinus) and developmental 
stages were noted. The positions. times and dates of the 
hauls are given in Table I. Temperature was measured 
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and recorded bv the thermistor and data recorder in the 
LHPR control unit. 
The numbers of each species (or genus) per cub ic 
metre were calculated from the counts in each sample and 
the vol ume of water filtered and these data were 
standardised to give numbers per m3 for each 5 m depth-
intef\·al (0 to 5 m. 5 to 10 m. etc.)o,·erthe sampled depth range. 
The results for each species of which ten or more speci-
mens per haul were found in at least one haul were 
anal~sed by the methods described and discussed by Field 
et al. ( 1982). The data were fourth-roo t transformed. then 
the percentage similarities were calculated by the Bray-
Curtis measure and a dendrogram produced from the 
similarity matrix. In addition. a sca tter plot was produced 
by multi-dimensional scaling (M DS). These methods of 
analysis are sui table for data wi th a large proportion of 
zero counts. The dendrogram over-emphasises discon-
tinu ities. but the classification of distri butions is based on 
groups identified by both methods of analysis. 
Note on larvae of Liocarcinus spp. 
The zoeae were of more than one species. but most were 
att ributable to one which retained the dorso-lateral pro-
tuberances on the third abdominal somite of the fourth 
and fifth zoeae and were. therefore. not attributable to an' 
of the four species which have been thoroughly described : 
Liocarcinus holsarus ( Fabricius). L. marnroreus (Leach). 
L. puber (Linnaeus) and L. pusillus (Leach) (see summary 
by Rice and Ingle. 1978) nor to L. depurator ( Linnaeus) 
(see Lebour. 1928 : her Fig. S ). Rice ( 1979) described zoeae 
wi th such protuberances ofT the Atlan tic coast of Africa. 
but these had two dorso-lateral spines on the telson. unlike 
the present lar\'ae which retained three spines in these 
stages. in common with the other full~ described species 
with the exception of L. puber. The remaining species of 
the genus known from the area are L. corrugarus (Pen-
nant) and L. urcuatus (leach). 
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Fig. 2. Deca pod larvae. Dendrogram of percentage simi-
larity of vertical distributions of twelve taxa at ti,·e 
stations over Great Sole Bank. Distributions are num-
bered as shown in Table 2. A and B identify two major 
groups. with sub-divisions I and 2 indicating distributions 
mainly above ( l l or below (2} the thennocline 
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Results 
The vertical distri bution of the twelve taxa of which ten or 
more specimens per haul occurred in at least one haul are 
shown in Fig. I. The dendrogram of percentage similarity 
is given in Fig. 2. and the MDS plot is given in Fig. 3 with 
distributions numbered as shown in Table 2. The pandalid 
species were late zoeae (ZV or la ter) and very early post-
larvae. morphologically indistinguishable from Pandalina 
brevirostis but la rger than the upper limit of the size range 
given for these stages by Williamson ( 1967). 
Two major groups of distri butions were identified from 
the dendrogram (Fig. 2). and these also form discrete 
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groups tn Fig. 3 and are identified in the figures as 
Group .-\ and B. The former includes distributions at 
Stations I and 2 and the latter consists of those from 
Stations 3. 4 and 5. The distributions which do not fall 
within these groups are those where few specimens were 
taken at a station. The samples at Stations I and 2 were 
both taken within 4 h of midday Greenwich Mean Time. 
while the other three hauls were taken within 4 h of 
midnight. 
Sub-division of the major groupings, indicated by the 
subscripts I and 2 (see Figs. 2 and 3) separate the distribu-
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Table I. Positions times and dates of oblique ha uls with the Long-
hurst Hardy Plankton Recorder at five sta tions over Great Sole 
Bank 
Station Position lime Date ( 1983) 
(hrs) 
I 49° IS'N: 11 °00'W 08.14 } 2 49° 15'N: IQ 0 ()()'W 14.54 9 June 3 49° 15'N: 9°00'W 20.29 
4 49° 15'N: 8°00'W 02.30 10 June 
5 49°45'N: 10°30'W 03.56 15 June 
Table 2. Decapod Crustacea. Numbers alloca ted to vertical distri-
bution of twelve taxa of deca pods at the five stations described in 
Table I and used in Figs. 2 and 3 
Species Haul 0 . 
2 3 4 5 
S ergestes arcticus Smith I 0 0 0 49 
Panda lid sp. 2 14 0 0 0 
Pandolina brevirostris (Rathke) 3 IS 0 39 51 
Processa canaliculata Leach 4 16 28 40 52 
Pontophilus bispinosus Hails tone 5 17 29 41 53 
Callianassa suberranea ( lontagu) 6 0 30 0 54 
Pagurus prideauxii Leach 7 19 31 43 55 
A napagurus lae•·is (Bell) 8 20 32 44 56 
Galathea dispersa Ba te 9 0 33 45 57 
Liocarcinus spp. 10 22 34 46 58 
Cancer pagurus Linnaeus 11 23 35 47 59 
A telecvclus rotundatus Oli\i 12 24 36 48 60 
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ti ons mainly above the thermocline (A1 and 8 1 ) fro m 
those mainly a t or below the thermocline or with extensive 
distri butions over a wide depth range (A2 and 8 2 ). 
The vertica l distributions of the developmenta l stages 
identified in this survey of Processa cana/icu/ara, Pagurus 
prideaux ii. Liocarcinus spp .. Pontophilus bispinosus, Cal-
lianassa subterranea and A relecyclus rotundatus are 
illustra ted in Fig. 4. with the da ta for Sta tions I and 2 
combined to give a "day" distribut ion and those fo r 
Sta tions 3. 4 and 5 combined to give a "night" distribution. 
The moda l depths o f occurrence o f la te zoeae of Processa 
canaliculata were below those of the ea rlier (ZI- III and 
ZIII - V) stages and the post-larvae spread to greater depth 
than the zoeae. The zoeae of Pagurus prideauxii were all 
widely spread in the water column, but the results from 
Sta tions 3. 4 a nd S suggest a tendency fo r the later stages, 
particularly ZIV. to occur deeper than the earlier stages. 
The data for Liocarcinus spp. show no obvious systema tic 
change du ring the zoea l stages. but the three mega lopae 
take n in the sa mples all occurred deeper than the mod al 
depths of the zoeae. The vertical distribut ion of the last 
stage (ZV) zoeae of Pontoplrilus bispinosus extended to 
depths greate r than those at which the Zllls and Z IVs 
occurred. Apa rt from the difference between the modes o f 
the distributio ns ofZI ( 10 to IS m ) and ZII (20 to 25 m) at 
Station I. no o bvious differences were o bserved between 
the distributio ns of the zoeal stages of Callianassa subter-
ranea. The mode's of distri but i on~s of mega lopae o f A tele-
cyclus rotundatus were deeper than those o f the Z Vs. and 
a t Stations 3. 4 and S the ZVs spread into grea ter depths 
than the Z!Vs. 
Table 3. Deca pod Crustacea taken in samples bu t not included in a nal~ ses. 1'\umba (.\ ) and minimum (!\In ) and Maximum (Mx) depth 
(m) of occurrence in the sa mples a t each tation are shown. Dash indica tes no data 
S~ies Statio n :"o. 
2 3 4 s 
,\' Mn ~IX .V Mn ~h ,\' Mn Mx .\ ' Mn Mx .•.; Mn M' 
Gennados elegans Smith 64 8~ 
Solenocera membranacea ( Risso) 5 10 64 25 27 
Sergia robust us (Smith ) I 6 10 
Caridion gordoni (Ba te) 26 38 
Processa nouveli Al-Adhub & Williamson 10 19 4 21 54 
Crangon allmani Kinahan 6 28 124 3 18 96 5 25 47 
Pontophilus echinularus (M. Sars) 54 64 ~ 60 70 2 88 102 I 68 75 
Pontophilus spinosus (l each) 106 110 2 26 38 
Pontophilus rrispinosus Hails tone 19 28 
Upogebia deft aura (leach) 30 36 2 4 10 
Pagurus bernhardus (Linnae us) 8 12 54 
A napag urus sp. 20 24 
Munido rugosa (Fabricius) 8 38 96 2 48 54 34 41 
Galathea inrennedia LiUjeborg I 60 66 28 30 
Ebalia wberosa Pennant I 54 60 58 64 3 18 84 
Ebalia tumefacta Montagu I I 3 
Goneplox rhomboides ( l innaeus) 5 19 64 8 21 41 
M onodeus couchi (Couch) 4 6 28 36 42 18 22 
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Discussion 
The predominant distinction in the results of the analyses 
of distributions between the day stations (I and 2) and the 
night stations (3. 4 and 5) emphasises the significance of 
diet migrations. which have been known since the work of 
Russell ( 1925. 1928. 1931) to occur in decapod larvae. 
lnterspecific differences in distribution relative to the 
thennocline were significant only in the subdivision of the 
major groupings. and differences between stations in the 
position and strength of the thennocline or distance from 
the edge of the continental shelf were not identified in 
these analyses. 
Ontogenetic changes in vertical distributions have been 
noted in sergestids (e.g. Omori. 1969: Rice and William-
son. 1977). the later stages occurring at greater depth than 
earlier ones. The present results for Processo conaliculata 
and Ponrophilus bispinosus suggest that similar changes 
occur in many Natantia. Zoeal stages of the other taxa for 
which data are illustrated in Fig. 4 did not show sub-
stantial ontogenetic changes in vertical distribution. e\cept 
possibly for those of A telecyclus rotundatus. Megalopae of 
Brachyura were found at greater depth than the zoea in 
Russell 's samples in 1924 (Russell. 1925 ). but not in his 
results from subsequent years (Russell. 1928. 1931). 
possibly due to several species being present The post-
zoeal stages of Pogurus prideauxii and Collianassa sub-
terronea are bottom-living. although those of pagurids 
("Giaucothoe" larvae) do occur in the plankton a t night 
(e .g. Russell 1931 ). 
Variations in vertical di stributions must be taken into 
account in interpreting results of single-depth sampling 
such as that by the Continuous Plankton Recorder (CPRJ 
which samples at a constant 10 m depth (Glover. 1967). 
The most abundant larvae in CPR samples are those of 
Liocarcinus spp.. Upogebia deltaura, C allianassa subter-
ranea and Cancer pagums (Rees. 1952. 1955: and Lindley. 
unpublished data). These larvae tend to be concentrated in 
the near-surface layers (see present Fig. I and Table 3. and 
Russell. 1925. 1928. 1931). and would be well-represented 
in samples taken at 10 m. whereas the abundance of 
pagurids and natantians would be underestimated. The 
extent of annual. seasonal and geographical variation in 
vertical distributions of decapod crustaceans is unknown. 
Conclusions 
Diel migrations are a highly significant feature of the 
,·ertical migrations of decapod larvae. Substantial onto-
genetic changes are demonstrated in the l"atantia. but are 
less significant in the zoeal stages of the species of 
Anomura and Brachvura studied here. 
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Abstract Decapod larvae and early post-larvae were ex-
tracted from detailed vertically stratified samples taken 
during research cruises in the Irish Sea from April to early 
June 1988 and in the North Sea in June 1989. The total dry 
weight of decapods was 4 to I 06 mg m-1 which represented 
0.5 to 8.6o/c of the total dry weight of zooplankton. The 
vertical distributions of abundant species were examined 
in relation to physical and biological variables. Nephrops 
norvegicus and Pagurus bernhardus were found nearer to 
the surface during the spring bloom in April than after the 
bloom in May. In the near-surface waters of the North Sea 
in June. larvae of Liocarcinus spp. were more abundant 
than those of other decapods. Diel migrations varied. ap-
parently due to differences in the physical structure of the 
water column and the distribution of potential food . Con-
ventional migrations were modified or absent in st ratified 
areas when near-surface concentrations of chlorophyll 
were present and in well-mixed water. Few significant on-
togenetic \'ariations were found . The most striking case 
was of Liocarcinus spp. larvae during the day in stratified 
water in the North Sea, where the early zoeal stages (at a 
mean depth of< 6 m), the fifth zoeae ( 15.5 m mean) and 
the megalopas (26.7 m mean) occupied different positions 
in the water column. 
Introduction 
The meroplankton can be an important part of the zoo-
plankton of inshore and estuarine waters (e.g. Williams and 
Collins 1986: Coyle and Paul 1990). The presence in the 
plankton of pelagic larvae of benthic species contributes 
to interactions between the plankton and the benthos (War-
wick et al. 1986). The fluxes due to release and settlement 
Communicated by J. Mauchline. Oban 
J. A. Lindley ( ISl!J · R. Williams · D. V. P. Conway 
Natural Environment Research Council. 
Plymouth Marine Laboratory, Prospect Place, 
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of these larvae must be taken into account in ecosystem 
models (Radford et al. 1988). Little is known of the con-
tribution of decapod larvae to the plankton community of 
the open sea. Lindley ( 1988) made a preliminary attempt 
at calculating dry weight biomass and production values 
for Brachyura from data from the Irish and Celtic Seas by 
estimating the dry weights. growth rates and mortalities of 
developmental stages and applying these estimates to 
counts of larvae in plankton samples. 
The seasonal cycles of occurrence of decapod larvae in 
the plankton of the seas around the British Isles have been 
described by Lindley ( 1987) from continuous plankton re-
corder (CPR) samples taken at a single depth of 10 m. Fur-
ther information for the Irish Sea is given by Williamson 
( 1956) and for the North Sea by Rees ( 1952, 1955), Baan 
et al. (1972), Wehrtmann (1989) and Lindley et al. (1993). 
The vertical distribution of decapod larvae in the Celtic 
Sea in June 1983 was described by Lindley ( 1986) and data 
on the vertical distributions of the larvae of some commer-
cially exploited species in the western North Sea have been 
given by Harding and Nichols (1987). The vertical distri -
butions and migration of decapod larvae have been stud-
ied mainly in well-stratified waters during the summer (e.g. 
Russell 1925, 1928. 1931 : Lindley 1986; Harding and 
Nichols 1987), but little is known of geographical and sea-
sonal variat ions in vertical distributions. 
In 1987 a programme to study the differences in com-
mercial fish production between the Irish and North Seas 
(Brander and Dick son 1984) was started by the Plymouth 
Marine Laboratory and the UK Ministry of Agriculture, 
Fisheries and Food. The programme included studies of 
the vertical distribution of the zooplankton and determina-
tion of the contribution of major taxonomic groups to the 
plankton dry weight biomass during the spring and early 
summer. the period of maximum larval fish production. 
Decapod larvae were numerous in the samples and consti-
tuted one of the groups into which the samples were di-
vided. The decapods from two cruises in the Irish Sea and 
three selected stations from a cruise in the German Bight 
of the North Sea were examined to provide more detailed 
information on the interspecific, ontogenetic and die! vari-
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ations in vertical distributions of the larvae in relation to 
the physical and biological envi ronment. 
Materials and methods 
Zooplankton sampl ing 
Zooplankton samples were collected during cruises in the Irish Sea 
by R.Y. "Cirolana" in April 1988 and by R.R.S. "Challenger "in late 
Ma} to early June 1988. and by R.R.S. "Challenger·· in the !\orth 
Sea in June 1989. Sampling sites are shown in Fig. I and the dates 
and time of the hauls are listed in Table I. Sampling was by Lon-
6 4 2° w 
55 5 5•N 
54 54 
a 53~~~~~~~~~~~~~~~~~~~~53 
55 5 5•N 
54 54 
b 53~~~~~~~~~~~~~~~~~~~53 
c 
55 55"N 
54 
5 
Ss 
.... 
.. ··· 
Tr 
..... · 
54 
7 9"E 
Fig. 1 Positions of LHPR !Longhurst-Hardy plankton recorden 
hauls in the Irish Sea from which decapod larvae were identified. a 
Irish Sea. April 1988: b Irish Sea. May-June 1988: c eastern North 
Sea June 1989. In a and c. heavy lines show positions of tidal fronts. 
dolled lines show boundaries of transitional area ( Tr ) between per-
manently mi~ed waters (Mxl and seasonally stratified areas (Ss) 
Table I Dates and times of oblique hauls with LHPR referred to 
in present paper. wi th dry weights (mg m-2) of decapod larvae (and 
early post-larvae) and total zooplankton taken in coarse-mesh 
(200 ~m) samples. wi th former as a percentage of laner. Positions of 
hauls are shown in Fig. I 
Date Haul Time of Dry wt (mg m-2 J Decapod/ 
No. day thr ) total ( 'k) 
Decapod Total 
larvae 
1988 
11 Apr. IS1 8 23.29 19.2 665.:2 :2 .9 
12 Apr. IS19 11.56 46.9 5+4.8 8.6 
14 Apr. IS 20 12.09 45.1 695.3 6.5 
15 Apr. IS22 23.23 21.3 978.4 2.2 
17 Apr. IS23 12.23 4 278.5 1.5 
17 Apr. IS24 2:!.59 4.4 405.3 I. I 
:25 May 1525 00.13 21.1 3947.0 0.5 
25 May IS26 12.47 16.9 1779.4 1.0 
26 May IS27 14.51 13.7 955. 1 1.4 
29 May IS28 :!3.41 24.7 1123.8 , ~ 
30 May IS29 I :!.55 18.:! 531.3 3.4 
0 I June IS30 12. 1:! 48.4 652.7 7.4 
03 June IS31 11.47 38.3 2430.0 1.6 
1989 
11 June NSI 12.25 63.3 861.6 7.3 
15 June NSS 11.27 105.5 1395.1 7.6 
I 5 June NS6 22.12 62.5 934.4 6.7 
ghurst-Hardy plankton recorder !LHPR: Williams et al. 1983). wi th 
net and filtering gauze of 200 ~m mesh. Whenever possible a pair 
of hauls was taken in each area. one near midday and the other near 
midnight. The sampler was towed obliquely at 4 knots from the sur-
face to near to the sea bed. collecting samples at ::5 m depth inter-
vals. A fl owmeter recorded the volume of water filtered for each 
sample . Samples were washed off the gauzes immediately after re-
covery and preserved in 4~ borax-buffe red formalin. 
Sample and data processing 
The larger zooplankton and micronekton groups including decapod 
larvae and early post-larvae were extracted from the samples and 
each group was tubed separately. In a few cases. where the zooplank-
ton were very abundant. the sample was split once or tw ice using a 
Folsom spliner. 
The decapod larvae and early post-larvae were re-examined under 
a stereo-microscope. Each was identified. usually to species but in 
some cases to genus or higher taxa. and the developmental stage was 
noted. The developmental stages of the Pandalidae were assigned to 
four categories. Zoea 1- 11. Zoea III-IV. Zoea V+ and post-larvae . 
The crangonids were referred to five zoeal stages. after Gurney 
(1942) and Williamson (19601. and post-larvae. However. Gurney 
( 1982) and Criales and Anger ( 1986) have shov.n that the develop· 
ment of Crangon spp. is more complex and the specimens referred 
to Zoea IV and V in this paper may include a mixture of deve lop· 
mental stages. Galathea spp. were referred to Zoea I. 11 and lil-Y 
to cover the variable development of the later stages: no megalopae 
Cglaucothoe l of this genus were taken in the samples. All other deca· 
pods were identified to indi vidual zoeal stages or as megalopas. The 
numbers m-J of decapods present were calculated using fl owmeter 
data. In order to compare vertical distributions of selected species. 
the mean depth of occurrence and its standard deviation for each spe · 
cies or developmental stage and the val ue of Student's Hest for each 
pair of distributions was calculated. The significances of the differ· 
ences were derived from tabulated val ues. 
On completion of the taxonomic analysis, the components of the 
zooplankton from each coarse-mesh sample were separately filtered 
onto a pre-ashed. pre-weighed GFC filter. dried at 60 °C for 24 h. 
and weighed to give a preserved dry weight value. Data on the con· 
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tribution of decapods to the zooplankton dry weight are also avail-
able from sampling in the Irish Sea in February. April and May 
1987. 
Usually the vertical distributions were plotted only where there 
were >50 specimens taken in a haul or >25 specimens in each of a 
day/night pair of hauls. The only exception was in the case of Nt>ph· 
rops norvegicus which is a commercially exploited species with larg-
er larvae, hatching at 600 j.lg (Anger and Ptischel 1986). than most 
of the other decapods sampled; e.g Pagurus bunhardus hatches at 
about 40 IJg (Anger 1989) and Hyas coarctatus. which is larger at 
hatching than many Brachyura (Lindley 1988). does so at about 
30 j.lg (Anger 1984). 
Environmental sampling 
At each station. water-bottle samples were taken either at pre-deter-
mined depth intervals or at depth intervals selected in response to 
available data on the stratification. Temperature. salinity and in some 
cases chlorophyll fluorescence were determined at depths from 
which the water samples were taken. The water samples were fil-
tered through pre-ashed GFF filters which were then frozen. Carbon 
and nitrogen content of the water-bottle samples was determined us-
ing a Carlo-Erba MOD 1106 elemental analyser and chlorophyll a 
content was measured with a spectrophotometer. 
Results 
Environmental conditions at the stations 
The region of the Irish Sea where the samples were taken 
is divided by a front separating seasonally stratified water 
over a deep (>I 00 m) central basin and shallower Irish 
coastal waters from permanently tidally mixed waters in 
the east. Further details are given by Coombs et al. ( 1992, 
1994). Examples from each area of vertical profiles of tem-
perature, sal inity. chlorophyll , carbon content and C:N ra-
tio of the water samples taken in proximity to LHPR hauls 
are given in Figs. 2 to 4. 
Irish Sea, April /988 
The western Irish Sea coastal site, where Hauls IS 18 and 
IS 19 were taken, was in an area where the water becomes 
seasonally stratified. The environmental data for IS 19 are 
given in Fig. 2 as examples. There was a thermal gradient 
of< l e o between the surface and 30 m depth. Chlorophyll 
and carbon content of the water samples was highest in the 
top 10 m. The C :N ratio generally increased towards the 
sea bed. At the central station (IS20 and IS22; data for IS20 
illustrated) , which is also in seasonally stratified water. in 
a depth of >I 00 m there was a thermocline of 0 .3 e o 
between 20 and 50 m depth and a halocline of 0.3%a S (not 
illustrated) between 50 and 80 m depth . Chlorophyll and 
carbon content of the water samples was highest and the 
C:N ratio was lowest in the top 20 m. At the site near the 
Welsh coast (1523 and IS24, data for IS23 are illustrated 
in Fig. 2). where the water is permanently mixed by tidal 
currents ( Pingree and Griffiths 1978). there was almost uni-
form temperature and only small variations in chlorophyll, 
carbon and e:N ratio. 
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Irish Sea, May/June 1988 
Similar data for the second cruise in the Irish Sea are shown 
in Fig. 3. At the central si te (IS25, IS26 and IS31 ; data for 
IS26 illustrated) there was a thermocline of I to 2eo and 
a variable halocline between 30 and 50 m depth. There was 
a dense bloom of Phaeocystis sp. in Welsh coastal waters 
at thi s time (Claustre et al. 1990) which reduced flow 
through the samplers. Of the 44 specimens taken at this 
site, 20 were Crangon crangon and 11 were Carcinus mae-
nas. Most of the larvae were Zoea III or later development 
stages. The data were inadequate for further interpretation 
or analysis . In Irish coastal waters (IS28 and IS29; data for 
IS29 illustrated) the thermocline. between 15 and 25 m 
depth was >I e o. There was a near-surface maximum in 
the carbon content of the water. Station IS30 was in 65 m 
depth near the boundary between the permanently mixed 
water and the transitional water around the tidal front (Pin-
gree and Griffiths 1978). There was a thermal gradient of 
0.2 e o from the surface to 35 m depth and little variation 
in salinity. There was abundant chlorophyll, with a peak at 
I 0 m in the water-bottle samples and a carbon peak and 
low C:N values at 20 m. 
North Sea, June 1989 
Data from the June 1989 cruise in the North Sea are shown 
in Fig. 4. Station NS I was on the front between seasonally 
stratified and permanently mixed water (Pingree and Grif-
fiths 1978). There was a thermocline of 1.5C and a halo-
dine of< 0.2%c S between 5 and I 0 m depth . Higher chlo-
rophyll values were recorded at I 0 m and below than nearer 
to the surface. At Stations NS5 and NS6 (data for NS5 il-
lustrated). in transitional water on the stratified side of the 
front there was a thermal gradient of >5 e o between the 
surface and 20 m depth and a halocline of> 1.5%, S. mainly 
between 15 and 20 m depth. There was a chlorophyll max-
imum around the level of the halocline. 
Contribution of decapods to zooplankton dry weight 
The dry weight of decapods taken in hauls during April 
1988 accounted for between 1. 1 and 8.6% of the total zoo-
plankton dry weight. In the two hauls in Welsh coastal wa-
ters the dry weight of decapods was an order of magnitude 
lower than at the central and Irish coastal sites, but the to-
tal zooplankton dry weight was lower by only a factor of 
2 to 4. In the hauls taken during the May/June Irish Sea 
cruise. the decapods constituted 0 .5 to 7 .4~ of the total dry 
weight wi th values of 14 to 48 mg m-~ . Decapod larvae ac-
counted for about 7~ of the zooplankton biomass in the 
three North Sea hauls which were examined in detail. with 
values of 63 to 106 mg m- 2. In other hauls taken during 
this cruise in the North Sea, decapods accounted for up to 
15.3% of the biomass. 
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Fig. l Temperature (°C ), chlo- Temp (•C) Chlorophyll Carbon C/N 
rophyll content (IJ& 1- 1). carbon 
8.0 8.5 0 2.0 4.0 6.0 8.0 0 400 800 5.0 9.0 13.0 content {IJg 1-1) and C:N ratio 
of water samples taken in Irish ~~ Sea, April 1988. ( 6 IS 19 
(western); + IS20 {central); {> • IS23 (eastern ) I 
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Fig. 3 Temperature (0 C}. chlo-
rophyll content (IJg 1- 1). carbon 
content (IJ& 1- 1 ) . and C:N ratio 
of water samples. Venical pro-
files from Irish Sea. May-June 
1988. [ 6 1529 (western ): 
Temp (•C) Chlorophyll Carbon C/N 
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Fig. 4 Temperature (°C). salinity (%c) and chlorophyll fluorescence 
(IJg 1- 1 ) . Venical profiles from North Sea, June 1989. (x NS I (fron-
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Number of larvae in samples 
The numbers of specimens of each species (or higher tax-
onomic group) per haul are given in Table 2. Haul IS30 
contained the greatest numbers of specimens and taxa. 
Pagurus bernhardus and Corysres cassivelaunus each oc-
curred in all but one of the hauls, but the latter was suffi-
ciently abundant for detailed analysis of its vertical distri -
butions on fewer occasions. 
Vertical distribution of decapod larvae 
The distributions together with the numbers of lar ae m-2 
are shown in Figs. 5 to I 0. The developmental stages 
present in the samples and the significance of intraspecific 
difference between the stages in vertical distributions 
are listed in Table 3. Where a day and a night haul were 
taken in the same area within 36 h of each other. the sig-
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Tablt 2 Decapod larvae and early post-larvae: numbers in each LHPR haul 
Species LHPR Haul No. 
IS18 IS19 IS20 IS22 1523 15::!4 
Panda/us montagui 86 155 27 13 
Leach 
Pandalina brevirosrris 2 15 15 33 48 
(Rathkel 
Dichelopandalus bonnitri 6 35 76 25 
Caullery 
Hippolytidae 2 5 9 5 4 
Crangon allmani 20 8 9 18 2 2 
!Kinahan) 
Crangon crangon CL ) 3 
Philocheras bispinosus 
!Hailstone and Westwood) 
Philocheras rrispinosus 
!Hailstone) 
Other Natantia 3 s 5 3 2 
Nephrops norvegicus (L.J ::!5 63 25 26 
Callianassa subrerranea 
tMontagu) 
Upogebia delraura (Leac h I 
Calocaris macrandrae Bell :!-I ::!0 
Ga/arhea dispersa Bate 7 5 5 
Galathea inurmedia 3 3 
Lilljeborg 
Galathea ne.m Embleton I 5 2 ::! 
Galathea nexa Embleton 9 6 2 I 
Munida rugosa (Fabric iu l 36 67 184 49 6 7 
Pisidia longicomis (l.) 
Pagurus bernhardus (l.) 57 36 65 3-1 128 154 
Pagurus pubescens 6 18 11 17 30 
CKr0yer) 
Pagurus prideau:1: 
(Prideaux) 
Anapagurus laevis (Bell I 2 2 
Other Anapagurus spp. 2 
Eba/ia tuberosa Pennant 2 
Corysres cassivelaunus 32 13 -16 23 
(Pennant) 
Uocarcinus spp 5 2 16 16 2 14 
Carcinus maenas (L.l 3 3 19 16 3 13 
Cancer pagurus L I 5 3 
Atelec\'clus rotundatus 14 9 4 
!Oiivi) 
H\'Os coarcrarus Leach 20 21 431 72 125 168 
o ·ther Brachyura. I 
nificance of die I differences in depth distribution is given 
in Table 4. 
Irish Sea , April 1988 
In April 1988 the distributions of the four main decapod 
larval species in Irish coastal waters in daylight (IS 19) had 
modes between 10 and 20 m depth (Fig. 5). Nephrops nor-
\'egicus and Munida rugosa both occurred significantly 
nearer the surface by night (in IS 18) with modes at 5 to 
I 0 m and 10 to 15 m. respectively. Panda/us monragui and 
Pagurus bemhardus both occurred deeper at night than 
during the day. but in the latter case the difference was not 
significant. The only significant ontogenetic variations in 
1525 1526 1527 1528 1529 IS30 1531 N51 NS5 NS6 
6 4 2 231 
2 
3 6 113 
24 18 655 30 172 212 
20 10 29 I 
11 13 17 
7 
5 3 2 I 29 
67 14 11 2 3 8 
2 -1 
2 
26 
72 
51 
161 
23 
9 6 2 3 
284 
5 6 2 56 50 452 96 29 61 
2 
27 
3 10 83 
5 2 16 
42 
8 2 253 224 16 237 67 50 
8 4 80 6 1476 291 280 
11 12 7 10 
33 9 12 
765 I 
15 8 16 13 60 3 
I 26 
vertical distributions were found in Panda/us montagui 
(Table 3). By day the earliest zoeae were found at a mean 
depth of I 0.6 m compared with 12.7 m for Stages Ill to IV 
and 13.9 m for the later zoeae. At night the later stages oc-
curred at a mean depth of 12.9 m, significantly shallower 
than Stages III-IV (22.1 m) 
At the stations in the central Irish Sea (IS20 and 1S22, 
Fig. 6) all species had a unimodal vertical distribution by 
day (IS20). the depth of the modes ranging from 5- I 0 m 
for Pagurus bemhardus to 35-40 m for Dichelopandalus 
bonnieri. At night (IS22) the distributions were more com-
plex. with each species having a mode in its vertical dis-
tribution in the upper 20 m and occurrences below 25 to 
30 m not obviously related to the near-surface mode. The 
data for this haul were re-analysed to treat the modes sep-
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Tablt 3 Decapod larvae and 
early post-larvae. Developmen-
tal stages of common taxa from 
LHPR hauls in Irish Sea and 
North Sea. Roman numerals in-
dicate zoeal stages <M mega-
lopa; PL post-larvae). Stages in 
parentheses indicate that < 10 
specimens were found in that 
haul. All pairs of stages of 
which> 10 specimens of any 
one species were found were 
compared using Student 's 1-tests. 
Where significant differences 
between stages were found the 
mean depths of occurrence are 
given. Differences were sig-
nificant at • 0.01 <p<0 .05. 
• • 0.001 <p<O.Ol. u• p<O.OO I. 
[nsd no significant difference(s)] 
Haul and species 
IS IS 
Panda/us montagui 
Nephrops norvegicus 
Munida rugosa 
Pagurus bemhardus 
IS19 
Panda/us montagui 
Nephrops norvegicus 
Munida rugosa 
Pagurus bemhardus 
IS20 
Dichelopandalus bonnieri 
Nephrops norvegicus 
Munida rugosa 
Pagurus bernhardus 
Hyas coarcatus 
IS22 
Diche/opandalus bonnieri 
Nephrops norvegicus 
Munida rugosa 
Pagurus bemhardus 
Hyas coarcatus 
IS23 
Pandalina bre1•irostris 
Pagurus bernhardus 
Hyas coarcratus 
IS24 
Pandalina brevirostris 
Pagurus bernhardus 
Hyas coarctatus 
IS25 
Nephrops norvegicus 
IS26 
Nephrops norvegicus 
IS28 
Pagurus bernhardus 
Corystes cassiw launus 
IS::!9 
Pagurus bemhardus 
Corystes cassive/aunus 
IS30 
Pandalina bre~·irostris 
Crangon allmani 
Galathea spp. 
Pagurus bernhardus 
Anapagurus laevis 
Pisidia /ongicomis 
Atelecvclus rotundatus 
U ocaicinus spp. 
Hyas coarctatus 
NSI 
Pagurus bernhardus 
Constes cassirelaunus 
U ocarcinus spp. 
NS5 
Crangon al/mani 
Pagurus bernhardus 
Constts cassivelaunus 
Uocarcinus spp. 
NS6 
Crangon allmani 
Pagurus bernhardus 
Corvstts cassivelaunus 
Liocarcinus 
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Stages 
(1- 11.) III- IV. V+ 
I. (11) 
1.11 
(1.) 11. Ill, (IV) 
1- 11. III- IV. V+ 
1.11 
1.11 
11, Ill. (IV) 
1- 11 
I 
I. II. (Ill} 
I. II. Ill. (IV) 
I.II 
1-11 
I 
I. II, (1[1 ) 
11. Ill. (IV) 
I.II 
I- ll 
I.II 
I. (Il l 
1- 11 
I. (11. Ill ) 
I. ( 11 ) 
I. 11. Ill 
(1 . 11. Ill ) 
(1). 11, (Ill}. IV 
(1. 11.) Ill. IV, V 
I. 11. (Ill. IV) 
(1 , 11,) Ill. IV. V 
1- 11. III- lV. V+ 
I. 11. lii- IV. V+ 
I. II . Ill- V 
I. 11. Ill . IV 
I. 11. Ill. IV 
I 
I. 11. Ill , IV, (V} 
I. 11. Ill. IV. (V) 
II. M 
I. 11, Ill. IV 
(11,) Ill . IV. V 
I. 11. Ill. IV. V. M 
(1. II. J Ill. IV.V. (PL) 
(1. 11. Il l. ) IV 
(1. 11.) III. IV. V 
(1.) 11. Ill . IV. V. M 
Ill . IV. V. {PL) 
(1.) 11. III. IV 
(1. 11,) Ill . IV, V 
(11.) Ill. IV. V. M 
Significant differences 
III-IV(22.1)* V+(l 2.9) 
nsd 
nsd 
III- I V( 12.7)• 1- 11( I 0.6)'" V+( 13.9) 
nsd 
nsd 
nsd 
nsd 
11( 14.1 )*I( 12.3)* '"111( 15.2) 
1(30.3) .. •11(23.5) 
1(29.5)***11( 15.5) 
nsd 
nsd 
nsd 
1(2 1.9)*1I( 14.5) 
nsd 
nsd 
nsd 
nsd 
nsd 
nsd 
nsd 
nsd 
nsd 
nsd 
1(41.6)• 111(31.8) 
nsd 
nsd 
nsd 
nsd 
llH22.3J•Vr28.9l 
nsd 
V( 15.5J• II(3.9)***M(26.7 J 
V( 15.5)*111(4.7)* .. M(26. 7) 
M(26.7)* .. 1V(5.7) 
111(15.2)•V(24.5) 
nsd 
nsd 
nsd 
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Tablt 4 Decapod larvae and 
early post-larvae. Significance 
of diel differences in venical 
distributions derived from Stu-
dent's Hests. • 0.01 <p<0.05. 
Species LHPR Haul Nos. 
ISI8/19 IS20/22 1523/24 1525/26 1528/29 N55/6 
•• 0.001 <p<O.Ol . ••• p< 0.001. 
Values in parentheses in 
1520/22 are comparisons of 
near-surface mode of distribu-
tion in 1522 with distribution in 
1520 
Pandalus 
50 0 50 
E [~ .c 0.. 4) 0 
Munida 
Panda/us monragui 
Panda/ina brt'l·irostris 
Dicht'lopandalus bonniui 
Crangon a/lmani 
Nt'phrops nont'gicus 
Munida rugosa 
Pagurus bernhardus 
Corystes cassilt'launus 
Liocarcinus spp. 
H.\ as coarcrarus 
Nephrops 
% 
Pagurus 
16 23 
• •• 
••• 
••• 
NS 
50 
I I 
Fig, 5 Panda/us mon1agui. Nt'phrops non·t'gicus. Munida rugosa 
and Pagurus bunhardus. Venical distributions of larvae in western 
Irish Sea. April 1988 CIS 18 and IS 19J. Day distributions are unshad -
ed and night profiles are shaded. Numbers of indivtduals m-1 are giv-
en below each histogram. numbers of specimen in each haul are giv-
en in Table 2 
arately. The upper modes were significantly nearer the sur-
face than the distribution by day, but the mean depths of 
occurrence of P. bernhardus and Hyas coarctatus by night 
were deeper than those by day. In the daylight haul (1520), 
the first zoeae of P. bernhardus occurred nearer the sur-
face, at a mean depth of 12.3 m. than the next two stages 
which occurred at mean depths of 14.1 and 15.2 m. respec-
tively (Table 3). In contrast. first zoeae of H. coarctatus 
occurred at a greater depth (mean=30.3 m) than the sec-
ond stage (mean=::!3.5 m) in the same haul. In Haul IS22, 
the only significant difference between stages was between 
the first and second zoeae of Munida rugosa which oc-
curred at mean depths of 29.5 and 15 .5 m. respectively. 
There was no indication in the data as to whether the deeper 
modes were derived from the same populations that were 
ampled in daylight, in Haul 1520. or from a stock living 
near the sea bed by day. 
At the Welsh coastal site all species occurred at greater 
depth by night than by day (Fig. 7). The only comparison 
of distributions of stages within species was between the 
first two stages of Pagarus bemhardus. and no significant 
difference was found . 
* 
••• (***) 
s ( *** ) .. 
•• (**) 
.... (**) * • ••• 
* • 
s 
• •• (***) • 
Pandalina Pagurus 
50 0 50% 50 0 50 
E [ I I ~' l J I : '',; I I I .c 0.. 4) 
0 9 18 41 65 
Hyas 
E L I I I ,,, ' .c 0.. 3~4 «> 0 
Fig. 6 Oicht'lopandalus bonnieri. Nephrops non t'gicus. Munida 
rugosa . Pagurus bunhardus and Hyas coarcrarus . Venical distribu -
tions of larvae in central Irish Sea. April 1988l)S20 and IS22). Fur-
ther details as in legend to Fig . 5 
Pandalina Pagurus 
50 0 50 % 50 0 so 
E [ I I ~' I I I : ''S I I I .c a. 4:., 4) 0 9 18 
Hyas 
E L I I I ,,, I .c a. 3~4 4) 0 
Fig. 7 Parrda/ina brt'l'irosrris. Pagurus bunhardus and Hyas co-
arcrarus. Venical distributions of larvae in Welsh coastal waters. 
April 1988 (IS23 and IS24). Funher details as in legend to F1g. 5 
Irish Sea. May/June 1988 
In May/June 1988 the only species examined in detail for 
the deep (>lOO m) central site was Nephrops non·egicus 
(Fig. 8). The difference between 1he distributions by night 
(IS25) and day (IS26) was significant. AI nigh1 there was 
a significant difference between the distributions of the 
first and second zoeae (Table 3). 
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LHPR Hauls IS25 & IS26 !Central Irish Sea) 
Nephrops 
50 0 50 % 
0 
E 
.s:: 14 21 
a. 
G) 
0 
50 
LHPR Hauls IS28 & IS29 !Western Irish Seal 
Pagurus Corystes 
E 
Ro 'dB' I I .s:: a. G) I 
0 40 16 16 50 80 
Fig. 8 Nephrops norvegicus. Pagurus bernhardus and Corystes 
cassivelaunus. Vertical distributions in cenrral CIS25 and IS26) and 
western (IS :!8 and IS 29) lnsh Sea. May 1988. Further details as in 
legend to Fig. 5 
Pandalina Crangon Galathea 
Pisidia Pagurus Anapagurus 
Liocarcinus Atelecyclus Hyas 
Fig. 9 Pandalina brevirosrris. Crangon al/mani, Galarhta spp .. Pi-
sidia longicornis. Pagurus bernhardus. Anapagurus lanis. Au/ec-
yclus rowndarus. Liocarcinus spp. and Hyas coarcratus. Vertical dis-
tributions at Station IS30 in Irish Sea. I June 1988. Further details 
as in legend to Fig. 5 
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Fig. 10 Crangon allmani. Pagums bernhardus. Co')stts cassit·e· 
launus. and Liocarcinus spp .. Vertical distributions at three stations 
in :-lorth Sea. June 1989. Further details as in legend 10 Fcg . 5 
In the Irish coastal waters (IS28 and IS29. Fig. 8) Pag-
arus be rnhardus occurred mainly near the bottom by day. 
but was more widely distributed through the vertical pro-
file with a mode at 30 to 35 m by night. No significant on-
togenetic variation was found. No ignificant die I or onto-
genetic variations were found for Co rysres cassivelawrus. 
the modes of the vert ical di tributions of which were be-
low the thermocline in both hau ls. 
At Station IS30 the only significant difference between 
stages was between Zoea I and Zoea Ill of Liocarcinus 
spp .. wi th mean depths of 4 1.6 and 31 .8 m. respectively 
(Table 3 ). Most species were rare or absent in the upper IS 
to 20 m. and the modes of the di tribution were mostly 
between 20 and 35 m depth (Fig. 9). The distribution of 
Anapagurus /aevis had no obvious mode and Arelecyclus 
rotundatus was most abundant between 50 and 55 m. 
Norrh Sea, June 1989 
The vertical distributions of the decapod larvae in the three 
hauls taken in the North Sea are illustrated in Fig. I 0. Pag-
urus bernhardus. Corysres cassive/aunus and Liocarcinus 
spp. were all most abundant near to the sea bed in Haul 
NS I; only the last species occurred in the top I 0 m. Signif-
icant diel migrations were found in comparisons between 
Hauls NSS and NS6. Crangon allmani and P. bernhardus 
were most abundant near the sea bed (30 to 35 m) by day 
(NSS) and in the IS to 20 m range by night (NS6). Corystes 
cassivelaunus was most abundant in the 25 to 30 m range 
by day and I 5 to 20 m by night. The mode of the daylight 
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distribution of Liocarcinus spp. was 0 to 5 m. and at night 
the mode was 5 to 10 m, but the difference was not signif-
icant. The third zoeae of Crangon a/lmani were found at 
mean depths of 22.3 m by day and 15.2 m by night. signif-
icantly shallower than the fifth zoeae at 28.9 and 24.5 m 
depths, respectively. 
Discussion 
The dry weight of decapod larvae as a percentage of that 
of the total zooplankton biomass in the LHPR samples in 
the Irish and North Seas was between 0.5 and 8.69C. very 
similar to the mean values of between 1.6 and 6.2% dur-
ing the spring bloom in Auke Bay. Alaska (Coyle and Paul 
1990). The percentage of meroplankton in the zooplank-
ton biomass (carbon) given by Williams and Coil ins ( 1986) 
for two areas of the Bristol Channel in May were 52.59C in 
the North Outer Channel and 31.3'k in the Inner Channel. 
Decapod larvae accounted for 96'k of the meroplankton 
and 50.4% of the zooplankton biomass in the former area 
and 14.3o/c of the meroplankton and 4.5'k of the zooplank-
ton biomass in the latter area. In both area the meroplank-
ton comprised a larger proportion of the zooplankton bio-
mass in July and August than in May. and in the Inner Chan-
nel the decapod larvae comprised a much larger propor-
tion of the meroplankton (87 .3% in August). In LHPR 
hauls (authors' unpublished data) taken in the Irish Sea in 
February and April 1987. before the start of the spring 
bloom or during its early stages. decapod larvae accounted 
for 0.1 to 1.6% of the total zooplankton dry weight ( 143 to 
561 mg m- 2). In May 1987 the total dry weight had in-
creased to 1455to 3265 mg m-2• of which decapods com-
prised 0.4 to 1.3%. In April 1989. decapods in the Irish Sea 
accounted for 1.6 to 8.0% of the total dry weight of 223 to 
957 mg m- 2. 
In the lrish Sea the most abundant decapod larvae are 
those of Polybiinae (mostly Liocarcinus spp.). Upogebia 
deltaura. Pisidia /ongicornis and Cancer pagurus. all of 
which are usually more abundant in June and July than in 
May (Lindley 1987). In the North Sea. Polybiinae, C. pagu-
rus, Cal/ianassa subterranea and U. deltaura are usually 
dominant and are normally most abundant in August and 
September (Rees 1955; Lindley 1987), but in 1989 the peak 
in abundance of most species was about a month early (Lin-
dley et al. 1993 ). In both areas it would appear to be the 
case that the biomass of decapod larvae in the plankton and 
that value as a proportion of the total zooplankton biomass 
would be hi_gher in mid-to-late summer than in the spring. 
According to Brander and Thompson ( 1989). the LHPR 
catches more herring larvae than MOCNESS (mult iple 
opening-closing net and environmental sensing system) or 
pump samples. but differences in size ranges between sam-
ples ta~en by day and by night indicated that larger larvae 
(>I 0 mm) tended to avoid the sampler more successfully 
by day. The present results in Figs. 5 to I 0 show nine cases 
of larger numbers m-2 of decapod larvae by day than by 
• 
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night and nine vice-versa. with one case of equal numbers. 
In the three paired profiles of the large larvae of Nephrops 
non•egicus, more larvae m-2 were taken by day in one case 
and by night in two cases. The overall mean abundance of 
N. twn·egicus larvae in the three daylight hauls was 19.3 
larvae m- 2• whereas the equivalent value forthe night hauls 
was 14.0 larvae m-2. In the present samples the catches of 
decapod larvae do not appear to have been delectably in-
fluenced by avoidance. 
The present results show significant movement at night 
towards the surface by at least part of the population at the 
central Irish Sea stations (Hauls IS20. 22. 25 and 26). for 
some species at the Irish coastal stations (Hauls IS 18. 19. 
28 and 29), and for 3 of the 4 species studied at the North 
Sea site where hauls were taken by day and by night (NS 
5 and 6). 
The modes of the distributions at night were nearest the 
surface in the hauls taken in April 1988. when the spring 
bloom of phytoplankton was in an early stage of develop-
ment and phytoplankton was concentrated near to the sur-
face. as shown by the results of the chlorophyll and car-
bon analyses. The apparent ly anomalous vertical distribu-
tions of Panda/us montagui and Pagurus bernhardus in the 
western Irish Sea at this time is similar to the results of 
Scrope-Howe and Jones I 1986). They found that vertical 
migrations of much of the zooplankton in the western Irish 
Sea ceased when near-surface chlorophyll concentrations 
exceeded 5 1-1g 1- 1• the zooplankton remaining in the area 
of high chlorophyll concentration. Comparable results 
were fou nd in a study of the vertical distributions of early 
copepodite stages of Calanusfinmarchicus (Copepoda) in 
the North Sea at the time of the spring bloom (Wi lliams 
and Lindley 1980). These copepodites were maintaining a 
depth distribution in the near-surface zone of high food 
concentration. with a slight downward movement by night. 
At the Welsh coastal site !Hauls IS23 and 24) in April1988, 
where the larvae occurred nearer the surface by day than 
by night. the spring bloom had not commenced and chlo-
rophyll concentrations were low and C:N ratios were high. 
The vigorous vertical mixing in this area of strong tidal 
currents and large (7 m) tidal range (Lee and Ramster 198 I ) 
would limit capacity of the larvae for behavioural depth 
regulation as described by Sulkin ( 1984 ). 
In May 1988, the spring bloom had been established for 
several weeks in the central and western Irish Sea. The 
Phaeocystis sp. bloom in the Welsh coastal waters and the 
high chlorophyll levels throughout the ·weakly stratified 
water column at IS30 indicated that the bloom was in 
progress at those stations. The conventional die! migra-
tions (nearer to the surface at night) at the central and west-
ern sites did not result in concentrations of larvae in the 
top 15 m of the water column. the modes of the vertical 
distributions in the western sites remained below the ther-
mocline while at the central stat ion Nephrops norvegicus 
larvae migrated from around the thermocline by day to just 
above it by night. The temperature difference through the 
thermocline was much less than the 12.5 eo needed to in-
hibit migration of larvae of the crab Ca/linectes sapidus 
(McConnaughey and Sulkin 1984), but much smaller dif-
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ferences may alter behavioural responses of larvae (For-
ward 1990). 
Conventional diel migrations were also evident in 3 of 
the 4 species studied at the Nonh Sea site. Hauls NS5 and 
NS6, where there was a decaying dinoflagellate bloom. The 
modes of the vertical distributions were above the thermo-
cline at night, but not in the immediate sub-surface zone. 
Generally it would appear that most decapod larvae per-
form conventional diel migrations, but that these may be 
undetected if the physical environment is such that behav-
ioural depth regulation is impractical, or modified if feed-
ing conditions are such that the larvae maintain themselves 
in areas of optimum food concentration. 
Lindley ( 1987) demonstrated that ontogenetic varia-
tions in venical distributions were present in some deca-
pod larvae. most noticeably Processa canaliculara, in the 
Celtic Sea in June 1983. the earliest stages occurring nearer 
to Lhe surface than the later stages. Harding and Nichols 
( 1987) showed that the megalopas of Cancer pagurus oc-
cur deeper than the early zoeae by day. In the present study 
there was no significant difference between stages within 
species in most cases. and there were five instances of an 
earlier stage occurring significantly deeper than later ones. 
Earlier stages occurred significantly nearer the surface than 
later ones in the cases of Panda/us monragui in Haul IS 19. 
Pagums bernhardus in IS20. Crangon allmani inNS 5 and 
6 and Liocarcinus spp. in NS5 . The last case was the clear-
est. with the Stage V zoeae and megalopas occurring at 
mean depths >I 0 m a pan and the 2nd, 3rd and 4th zoeae 
more than I 0 m above the Sth stage. The later stages occur-
red at a similar depth to the earlier zoeae by night . indicat-
ing a similar migration pattern to that of Cancer pagurus. 
The results showing the variability of venical distribu-
tions and migration patterns of decapod larvae in response 
to differing physical conditions. and the related food avail-
ability has implications for interpreting the results of bio-
logical surveys and anticipating the consequences of envi-
ronmental change. If decapod larvae. including those of 
economically important species such as Nephrops llon·eg-
icus and Cancer pagurus. aggregate in dc;pth ranges which 
are optimal for feeding. then the larvae can feed and sur-
vive in conditions where the average food concentration is 
below the level needed to avoid starvation. This strategy 
is well documented in larval fi sh (e.g. Coombs et al. 1984 ). 
The marked change in the seasonal cycles of decapod lar-
vae in the Nonh Sea in the exceptionally warm year 1989 
contrasts with comparatively small changes in the timing 
of the seasonal cycle of phytoplankton and copepods (Lin-
dley et al. 1993 ). This finding is in accord with a greater 
delay in the seasonal cycles of meroplankton than of hol -
oplankton in an unusually cold year. described by Bodo et 
al. ( 1965 ). These variations in the seasonal cycles result in 
the larvae encountering differing environmental condi-
tions which would cause variat ions in the venical distri -
butions of the larvae and their food. The impact of such 
variations on the dispersal and monality of the larvae and 
the consequences for community structure and diversity 
need to be more fully explored to assess the possible ef-
fects of climate change. 
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Estimating biomass and production of pelagic larvae of 
brachyuran decapods in western European shelf waters 
J. Alistair Lindley 
Natural Em•ironment Research Council. Plymouth Marine Laboratory. Plymourh. U.K. 
(Received 18 February 1988: revision received 13 June 1988; accepted 25 July 1988) 
Abstnct: Methods are described for estimating the dry weight biomass, production due to growth, produc-
tion due to moults, flux to the plankton from the benthos of hatching zoeae and from the plankton to the 
benthos of settling megalopae of common Brachyura from north-western European waters. These methods 
are applied to brachyuran larvae taken in Continuous Plankton Records in the Irish Sea during 1981-83 
and from the Longhurst Hardy Plankton Recorder over Great Sole Bank in June 1983. The former provided 
estimates of input of hatching zoeae to the plankton at I 0 m depth from the benthos of 0.41 mg dry 
weight · m - 3 · a - 1 with a peak in April , a mean standing stock of0.19 mg · m - 3 with a maximum in May. 
The peak in production was in July and the annual ratio of production to biomass (P : B) was 23.2 : I 
excluding moults. or 26. 1 : I including moults. The estimated flux of settling megalopae from the plankton 
at 10 m depth to the benthos was 1.33 mg · m - 3 · a - 1 with a peak in Jul y. The data from the LHPR hau l 
gave instantaneous daily values of an input of 0.004 mg · m - 2 · day - 1 to the plankton and a mean biomass 
6.696 mg · m - 2 of brachyuran larvae in the plankton. The daily P: B ratio was 0.06 7 : I excluding moults 
and 0.073 : I including moults and an estimated 0.07 mg · m - 2 · day- 1 was returning to the benthos. 
Key words: Benthic-pelagic interaction ; Biomass; Brachyura; Larva; Production 
INTRODUCTION 
Warwick et al. (1986) presented evidence for benthic/pelagic coupling in the Celtic 
Sea and speculated that interactions between the planktotrophic larvae of the macro-
benthos and the holoplankton might be a contributory mechanism. Radford et al. (in 
press) demonstrated that inclusion of estimates of nux between the benthos and the 
plankton corrected previously unrealistic model output of many state variables in 
simulation of the ecology of the Bristol Channel and Severn Estuary. The meroplankton 
can constitute a substantial proportion of the zooplankton biomass, particularly in 
inshore waters. Williarns & Collins ( 1986) found that the meroplankton, the dominant 
constituents of which were decapod larvae, accounted for 58 and 23 % of the "omnivore 
biomass" in two regions of the Bristol Channel (U.K.) and Tenore et a/, ( 1982) found 
that the larvae of the anomuran Pisidia /ongicomis (L.) constituted 90 % of the zooplank-
ton biomass in the Ria de Arosa (N.W. Spain). 
Correspondence address: J. A. Lindley, Natural Environment Research Council, Plymouth Marine 
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Estimates of biomass and production are most precise when relationships between 
length or development stage and weight of each species and their development rates can 
be determined under ambient conditions using the samples of the extant population. The 
diversity of species of Brach}'ura and the problems of identification of larvae of closely 
related species (e.g. Liocarcinus spp., Clark, 1984) make it unlikely that comprehensive 
data could be determined simultaneously. The objective of this paper is to describe 
methods for making preliminary estimates of the biomass and production of pelagic 
larvae ofBrachyura, including flux between the plankton and the benthos from plankton 
survey data where the spatial and temporal resolution are inadequate to estimate 
development times and mortality directly. Data are presented here on the relationships 
between carapace lengths and dry weights of brachyuran zoeae. Regressions calculated 
from these data and published data ar_e used to provide a method of estimating dry 
weights of megalopae. Estimation of dry weight biomass from field data is described 
using dry weight values derived by these methods. Published data on development rates 
and mortality are used to estimate production in the plankton. Rates of recruitment of 
first zoeae to the plankton and of return to the benthos at the end of larval development 
and the flux of biomass involved are estimated. Estimates of the biomass and produc-
tion of pe1agic larvae of brachyura made by these methods could potentially contribute 
towards quantifying the role of the meroplankton. 
In the tabulated data from Bodo et al. (1965) and the original counts which provided 
the data for Rees ( 1952) and Lindley (1987) 9 taxa (genera or species) accounted for 
over 90 % of brachyuran larvae in surveys in north-western European waters. Other 
surveys in which brachyuran larvae were identified but for wh.ich insufficient data were 
published to make quantitative statements (e.g., Thorson, 1946; Rees, 1955 ; 
Williamson, 1956 ; Baan et al., 1972) indicate that the same taxa were predominant. Of 
the 9 taxa 4, Liocarcinus spp. (previously recorded as Portunus spp. or Macropipus spp.), 
Cancer pagurus L., Acelecyclus spp. (mainly A. rotundatus (Olivi)) and Corystes cas-
si~·elaunus (Pennant) have 5 zoeal instars and a megalopa; 4 taxa, Carcinus maenas L., 
Pirimela demiculata (Montagu), Xamho spp. and Pilumnus hirtellus(L.) have 4 zoeae and 
a megalopa and Hyas spp. (mainly H. coarcrarus Leach) has 2 zoeae and a megalopa. 
The pre-zoea is assumed to be a transitional phase in hatching and not a distinct instar. 
The estimates of biomass and production for the common taxa are used as a basis for 
estimating values for total brachyuran larvae. 
MATERIALS AND METHODS 
The relationship between carapace lengths and dry weights was determined using 
brachyuran zoeae sorted live from hand-net samples. These samples were taken ofT 
Plymouth on 26 April 1982 and 7 May 1982 and on a research cruise on R.R.S. 
'Challenger' in the Great Sole Bank area of the Celtic Sea, 6-20 June 1983. Each 
specimen was identified and the length from the anterior to posterior margin of the 
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carapace was measured to the nearest 0.1 mm. Sorting, identification and measurement 
were all performed using a Wild MS stereomicroscope with an eyepiece graticule. The 
specimens were dried and weighed as described by Williams & Robins ( 1982). 
Regressions describing the relationships between logarithms of carapace lengths and 
dry weights of zoeae were calculated by least-squares regression. Only 2 megalopae were 
measured in the present survey so data from the other sources were used to provide an 
estimate of the relationship between the mean dry weight of the last zoeal in star and 
that of the megalopa. 
The duration of each developmental stage was calculated using published regressions 
relating duration to temperature. The regressions described by Sastry (1976) for Cancer 
i"oratus Say were applied for taxa with 5 zoeal instars, those described by Dawirs 
( 1985) for Carcinus maenas for taxa with 4 zoeal in stars and those described by Anger 
( 1984a) for Hyas coarclatus were applied to that species. 
Equations used in the estimation of production are listed in Table I. In order to 
calculate growth rate an estimate was made of the mean age from hatching or moult 
of each instar. Recruitment from the previous developmental stage was assumed to be 
constant, so taking account of mortality during intermoult growth, the mean age would 
be less th~ the mid-point of the development time of the instar. Survival on successive 
days was calculated by equation (1) and the mean age was calculated by equation (2). 
Few data on natural mortality rates are available so a single value, the mean 
T .... BLE I 
Equations used to estimate parameters of production. 
n, = n, _ 1 e - z (I) 
~ = I :I:'g•[(r + l) · n )IL'D;n } - I .~ I t l t tO r (2) 
T, = (1:'1- ID,) + x, (3) 
P~ = r·~ (bW; · a,,D, ) (4) 
P.m = n D,l r:g· n, (5) 
P. = ri' - I a,· P,m·O. I · w, (6) 
H = a, · n,0 r:g• n, (7) 
Bh = Wh·H (8) 
5 = am · PMm (9) 
B, =WMm·S ( 10) 
n, = number surviving on day c; Z = instantaneous daily mortality rate ; x, = mean age from moult of ins tar 
i, rO = day of hatching or moulting to in star i; D, = duration of development of in star i; T, = mean age from 
hatching ofinstar i: P, = daily production attributable to somatic growth; M= megalopa, bW, =increment 
in dry weight during instar i; a; = abundance of instar i; Pun = daily proportion of instar m moulting; 
P. =daily production attributable to moults ; H =daily number of Zls hatching; Bh = biomass of daily 
hatch of Z Is; Wh = predicted dry weight of Z I on hatching; S = daily number of megalopae moulting to 
first young crab stage; B, = biomass of megalopae moulting to first young crab stage ; W Mm = predicted dry 
weight of megalopa at moult to young crab stage. 
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instantaneous daily mortality rate derived by Nichols et al. ( 1982) for Cancer pagurus 
larvae in the North Sea (0.028) was used throughout in the calculations in this paper. 
The growth rate for each taxon was calculated by fitting an equation of the form ln 
DW =a+ bl, where DW =dry weight (mg), t = age (days from hatching) and a and b 
are constants fitted using the mean dry weight of an in star plotted at the appropriate 
value oft calculated by equation (3). This was used to calculate the dry weight at each 
moult. Total production attributable to somatic growth (Pg) was then calculated from 
equation ( 4) which is comparable to that developed by Petrovich et al. ( 1964) to 
calculate the production of copepods. Data given by Dawirs ( 1983) show that the dry 
weights of discarded exoskeletons of zoeae of Carcinus maenas were approximately 
4-6 % of the late pre-moult dry weights of the moulting in stars whereas Anger ( 1984b) 
showed that zoeae of Hyas araneus (L.) lost about 14% of late pre-moult d ry weight. 
An intermediate value of 10 ~0 was used to calculate Pe in equation (5) which is based 
on that used by Sameoto ( 1976) to calculate the production of moults of euphausiids. 
Equation (5) is modified from that used by Sameoto by including adjustment for 
mortality during development. which results in a lower value for the numbers moulting 
daily. Pe values were calculated for the zoeae only as the megalopae were assumed to 
moult on return to the benthos. The number of zoeae hatching daily and recruited to 
the plankton (H) was calculated by equation (7) and the predjcted dry weights of first 
zoeae at hatching ( Wh) were used to calculate the biomass that trus represented 
(equation 8). Settlement from the plankton and return to the benthos were assumed to 
take place at the moult of the megalopa to the first young crab stage; the number 
reacrung this stage was calculated by equation (9) and the dry weight biomass involved 
was calculated by equation ( l 0). 
Examples of plankton survey data to which these methods were applied to illustrate 
the method were taken from the Continuous Plankton Recorder (CPR) survey (Glover, 
1967) and samples taken with the Longhurst-Hardy Plankton Recorder (LHPR) 
(Williams et al., 1983). 
The CPRs are towed by ships-of-opportunity at 10 m depth on standard routes at 
monthly intervals. Samples containing the plankton retained by gauze of 280 J.lm aper-
ture from 3m3 of water are taken for each 16 km of tow. Samples containmg decapod 
crustacea taken during 1981-1983 have been re-examjned and the decapods were 
identified to species where practicable but to genus or sub-family in some cases. 
Developmental stages were noted and the carapace lengths, where these were not 
seriously distorted, were measured to the nearest 0.1 mm. The distributions and 
seasonal cycles of decapod taxa taken in this survey have been described by Lindley 
( 1987). The data used in this paper to illustrate the application of the methods were those 
for brachyura taken in the Irish Sea (Area C3, see Fig. 1 ). In each month the mean dry 
weight of each zoeal in star of each of the common taxa (those noted above but excluding 
Pirimela which was rare in these samples) was calculated by application of the regression 
relating weight to carapace length to the carapace length/frequency data for each 
developmental stage. Development times were calculated using the mean sea surface 
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15. •u 1 o. •u 5. •u 0 .• 
Fig. I. Standard areas C3 and D4 of the Continuous Plankton Recorder Survey. The position of the LHPR 
haul used in this paper is shown by the black dot on the boundary of Area 04. 
temperature value for the area for that month . This value was derived from temperature 
data supplied by the U.K. Meteorological Office. An equation describing the growth 
rates for each taxon was calculated for each month using the development times and 
dry weights for each instar. Where insufficient data for a month were available, dry 
weight values were interpolated using data from preceding months for instars earlier 
than the modal stage in the month and data from succeeding months for later instars. 
The mean numbers per sample and stage frequency data were used to calculate the mean 
biomass (mg ·m - 3 ), daily P8, Pe, Bh and B5 values (mg ·m - 3 · day - 1) for each taxon . 
Monthly and annual mean biomass and monthly and annual production values for each 
taxon and for total Brachyura were calculated incorporating an estimate for rarer 
Brachyura assuming that the values for the mean biomass and production parameters 
per larva for the rarer taxa were equal to the mean values for the common taxa . 
The LHPR is towed on an oblique haul taking discrete samples at regular intervals 
from which the vertical distributions of planktonic organisms can be described. 
Decapods from a LHPR haul at 49° 15 ' N; 11 ow (see Fig. l) at 0814 GMT on 9 June 
1983 have been identified to specific or generic level and development stage. Their 
vertical distributions have been previously described by Lindley (1986). Mean dry 
weight values for each developmental stage of each of the common brachyuran taxa 
were calculated from length/ frequency data from the CPR survey for June in area 04 
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(Fig. l) in 1981-1983. The dry weight for each S-m depth interval and the total values 
(mg · m - 2) were calculated. Development times at each depth interval were derived 
using temperature data from the thermograph within the recorder control unit. From 
these values, estimates of daily production for each S-m depth interval and a total value 
for production under l m2 including values of Bh and 8 5 were calculated. Values for 
the rarer larvae were calculated in the same way as they were for the CPR data. 
R ESULTS 
The dry weights and carapace lengths of brachyuran zoeae are plotted on logarithmic 
scales in Fig. 2. The regression equation fitted to these data was 
log 10DW = - 0.963 + 2.59log10CL where DW = dry weight and CL = carapace 
length. Dry weights of megalopae given by other authors were approximately double the 
corresponding weights of the last zoeal instars (Table 11). The mean dry weight of 
megalopae was assumed to be double the estimated mean dry weight of the corre-
sponding last zoea throughout in this paper. 
The estimates of biornass, P8, Pe, 8 5 and Bh calculated from CPR data for the lrish 
Sea and th!! contribution to each of the dominant taxa are presented in Fig. 3. The 
monthly values for the production parameters are the products of the estimated daily 
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Fig. 2. Data points , regression line and 95\ confidence limits for the relationship between carapace length 
(mm) and dry weight (mg) of brachyuran zoeae. The taxa, sampling locations and dates of the data can be 
identified from Table 11. 
86 
ESTIMATING BIOMASS AND PRODUCTION OF PELAGIC LARVAE 201 
values and the number of days in the month. These results show a ratio of annual 
production to mean biomass (P : B) of 23.2: 1 excluding moults or 26.1 :1 including 
moults for total brachyuran larvae in the Irish Sea. 
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Fig. 3. Brachyuran larvae. Seasonal variations and annual totals ofbiomass and production at 10 m depth 
in the Irish Sea (:\rea C3) from CPR data 1981-1983. Dm = duration of month m (days). 
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TABLE 11 
Brachyuran decapods. Dry weights (m g) oflast zoeaJ in stars (Z) and megalopae (M) from published sources 
and calculated M/Z values. 
Species z M M,z Reference 
Rhirhropanopaeus harrisii 1 0.075 0.148 1.79 Le.,ine & Sulkin ( 1979) 
Macromedaeus disringuendus 2 0. 131 0.285 2.18 Hirota & Fukuda ( 1985) 
Hemigrapsus longirarsis~ 0.108 0.171 1.56 Hirota & Fukuda ( 1985) 
Sesarmops inremredius 2 0.046 0.095 2.07 Hirota & Fukuda ( 1985) 
Carcinus maenas3 0.044 0.066 1.52 Dawirs et al. ( 1986) (9 ~ C) 
Carcinus maenas• 0.073 0.145 1.99 Dawirs et al. ( 1986) ( 12 ' C) 
Carcinus maenas• 0.088 0.145 1.64 Dawirs et al. {1986) (18 °C) 
Carcinus maenas~ 0.052 0. 123 2.37 Dawirs ( 1983) 
Hyas araneus5 0.292 0.528 1.80 Anger ( 1984b) 
Hyas coarcrarus~ 0.204 0.392 1.92 1 acobi & Anger ( 1984) 
Hyas coarcratus 3 0.093 0.2 14 2.3 1 Anger ( J984a) 
Menippe mercenaria 1 0.104 0.208 2.0 Mootz & Epifanio ( 1974) 
Cancer irrorarus6 0.333 0.443 1.33 Sastry ( 1979) 
Cancer irrorarus 1 0.386 0.464 1.22 Sastry ( 1979) 
1 Mean value from graph. ~ ~1e :m from plankton samples. 
3 Early post-moult. ~ Mean of tabulated values. 
; La te pre·moult. ~> Mean at constant temperature. 
" Mea n with diel cycles. 
The dominant brachyuran larvae taken in the LHPR haul were Liocarcinus spp. and 
Acelecyclus rotundarus which accounted for 76.8 and 16 . 9 ~0 , respectively, of the total 
numbers in the haul. The remainder were Monodaeus couchi (Couch) and Goneplax 
rhomboides (L.). For each 5-m depth interval the biomass under 1m2 was calculated and 
development times for Liocarcinus spp. and A telecyc/us were derived and used to calcu-
late Pg, Pe, Bh and B5 • The only frrst-stage zoeae present were those of Liocarcinus spp. 
so the Bh value is for that genus only. The Bs value for Atelecyc/us was 87 % of the total 
with Liocarcinus contributing the remainder. The mean values per larva of biomass, P8 
and Pe for the rarer species were assumed to be the same as for the common taxa at 
the same depth. The results are shown in Fig. 4. 
DISCUSS ION 
The accuracy of the estimates of biomass and production derived by the methods 
used here are dependent on the regression relating carapace length to dry weight 
providing a reasonably accurate dry weight value ; on the predictions of development 
times being appropriate for the taxa to which they are applied and on growth between 
moults being approximately linear. 
The ftrst requirement was tested by comparing other published dry weight values 
which could be related to corresponding carapace lengths. The results, excluding data 
for starved larvae, (e.g. Dawirs, 1983; Anger, 1986) are shown in Fig. 5. The carapace 
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Fig. -t. Brachyuran larvae. Vertical distribution and total values of biomass an daily production rates from 
a haul at 49 ' IS"N ;II ' OO ' W, 9.6.83, 0814 GMT. 
length of an individual remains constant during intermoult growth which usually results 
in approximately doubling the post-moult dry weight but greater increases have been 
noted (e.g. Incze et al., 1984). Consequently dry weights derived throughout intermoult 
growth should be a range spanning the regression. In many cases this occurred but there 
were examples of consistent deviation, for example the weight ranges of successive zoeal 
in stars of Care in us maenas fell increasingly below the values predicted by the regression. 
Such consistent deviations may be attributed tentatively to morphological variation 
such as the absence of lateral carapace spines on Carcinus zoeae in contrast with their 
presence on the majority of specimens from which the regression was calculated. 
Despite the considerable variations in weight during intermoult growth, lengthjweight 
regressions or mean weights for each instar are commonly used in estimating the 
biomass and production of planktonic crustacea (e.g. Burkill & Kendall, 1982; 
Mauchline, 1985; Roff et al .. 1988). 
Development times of some north-western European species are given in Table Ill. 
The values for the common species for which data are presented approximate fairly well 
to the results from the regressions used in this paper. However, the development times 
for lnachus spp., Macropodia rostrata and Pisa annata (Hartnoll & Mohamedeen, 1987; 
lngle. 1982 ; lngle & Cl ark, 1980, respectively) show that these developed more quickly 
than Hyas spp. at the same temperature. As a generalisation, however, the regressions 
give reasonable estimates of development times, given the variability under constant 
conditions found between broods of the same species (e.g. Dawirs, 1985), effects of 
temperature change and its direction (e.g. Anger, 1983), salinity (e.g. Johns, 1982) and 
other environmental variables. 
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...... 
Dcveloprnt:nt times of north-wc:stc:rn Europcan brachyuran larvae in rdation to the values predicted by the regressions of Sastry ( 1976 ), Dawirs ( 1985) and ~ 
Anger ( llJ~4 ). 
Specic=s lemp. t C) Kcfercn~:c: lnslar 
-- -
7. 1 Zll Zl ll ZIV zv M r 
------- - ------
(a I Spec1c:' wllh 5 lOCal lll~lar' 
<. 'uucrr trrortllu.r IU Samy ( IIJ76) 1 14.X 11.5 11.7 'J.7 14.5 42.1 104.3 
Cuucrr paxum.< 10 Nichols et al. (I IJK2) 1 14.1! 1.'7 15.3 13.9 
{ 'orystes m .uiveluunu.r J(l lngle & Rice ( 1971) I 1.1 I 1.2 9.6 9.7 
Cor.vstl'.l' irrorutu.r 15 Sastry ( JIJ76) 1 11.1! f> .7 6.!! 6.7 8.0 20.6 57.6 
Ct~rvste~ paguru.•· 15 N1chuls et al. ( 19K2)1 7.7 fo. l K.5 9.2 
Ctlfi'Sit'.l ctusiveluunur 15 lngle & R1ce ( 1971) IJ. J {>IJ 5.9 6.5 8.9 
Lim:ardnu.•· holwta.• 15 Rice & lngle ( IIJ75b) 41! ~ 
Liocurcinu.r puber 15 Rice & lngle ( IIJ75b) 50 ~ 
\0 Lwcarnnu.•· pu.•·il/u.r 15 R1ce & lnglc ( IIJ?!l) 39 c 0 Ca11ar irroru/11.\' 20 Saslry ( 1976)1 6.0 4.5 4.5 5. I 5.2 13. I 31!.4. .... z 
( 'u(U't'f plii(UTU.I' 20 Nichols et al. ( 1')!!2) 4.8 4 .5 5.6 6.7 0 
r 
Cori'Sir'S cu.r.rivt'launu.r 20-50 lngle & Rice ( 1')71 ) 4.9 4.6 1!.5 m 
Lu·11rcinus depurawr 20 llarlnoll & Muharncdccn ( 19!!7) 3.7 52 5.7 5.9 6.0 -< 
(b) Sp.:cies wllh 4 /l}eal tn>lar' 
Care'imll' marna' 12 l>awirs (I YK5) 1 K.6 7.ft K.7 11.2 21.2 57.3 
Carcinw•· mat'flll.l 12 Daw1rs ( IIJ!!5) 1 1!.1!-9.6 8 1-lJ.O K.8-IO. I 11.3-13.0 19.5-27.6 56.5-69.3 
Curn11u.•· mllt!flll.l 12 Duwirs rt al. ( I'JK(l) 8.6 7f> 8.7 11.2 21.2 57.3 
Carl'imo lllllt'lllll 125 Oawirs ( llJ!l5)1 7.2 6 5 7.2 9.6 17.6 4!!. 1 
Ct~rdnr~s maena.1 15 Duw1rs ( 19K5)1 6.2 5 o.o 7.5 15.3 40.7 
Ptltumws hmellu.1· 15 Hun noli & Mohamcdccn ( 191!7) 5.9 6.2 0.6 IJ.9 
Cur<'im1.< marnas Ill Dawirs (IIJ!!5) 1 4!! 4.2 4.4 5.4 11 .8 30.6 
("ttr('inu.\ muena.\ IK Oawirs ( 1983) 4.4 44 44 5.3 12.9 31.4 
Cardm1.1' maentt.v IX Daw1rs ( IIJK5) 2 4.1- 6. 1 .l.5-4 Y 4.0-4 .6 5.1-8.9 12.1- 13.8 2!1.1!-3t!.3 
Curc·mr~.• maenw IX Daw1rs 1'1 al. ( I 'JKo) 4.K 42 4.4 5.4 II.!S 30.6 
Cardmll' muentu 20 l>aw1rs ( IIJII5) 1 4 I 3.11 3.7 4.5 10.1 26.2 
PtiiJIIIII/J,\' '"''"""'' 20 11 an noli & Mohanu:dc:cn ( 19!<7) .l.O J.fl 4.1 5.1 14.3 30.1 
( •(lf('i llll.\ IUCII!IIII.f 25 l>aw1r~ ( I ')X )I .lO 2.6 2.5 3.0 7.4 18.5 
Cart'IIIIJ.< mut'l//11 25 l>aw1r' (I YK5 ) ! 3.1 .U 2.1! J .4 5.1! 18.2 
(c) Spt:des with 2 weal instars 
llya.r aran.-u.1· 2 Anger ( 19113) 61-70 77-K'J 
Hyus cuarctutus 6 Anger ( 19114) 1 30. 1 35.7 42.8 108.6 
Jl yas CUO"'IUIU.f 6 Anger ( 19114)2 30.4-35.7 JS S-Jt1.5 42.8-55.3 108.7-127.5 
1/ya.r arant!us 6 Anger (1910) 26-32 30-W 39-50 98-111 
1/yas coarctutus \) Anger (I'J84) 1 111.5 20.5 27.11 66.8 rn (I) 
II)'US I'OQfCIU/W' 9 Anger (191!4)2 19.0-20.6 21.0-21.6 211.0 68.0-70.2 ::! 
1/yu.r t'ti{Jfi'/UIUS 10 Anger ( 1984)1 16J 17.!1 24.9 59.0 ~ 
> llyus t·ourctatu.r 10 Christiansen (I'J73) I'J.7 l!! .tl 37.4 75.7 ....; 
-If )'U.I' llfflnt!US I() Christiansc:n ( 1973) 20.t! 17.0 (27.2) (65) z 
JI)'U.\' I'IIUfi'IUIU.I' 12 Anger ( I'J84) 1 D . I D .X 20.5 47.4 0 
1/yus t'tiDrctutu.r 12 Anger (1984)2 12.4-14.9 13.5-14.2 20.4-26.3 46.3-55.4 al 0 
H .I'US urant!US 12 Anger ( 191!4)2 11-15 13- 17 22-35 51-60 ~ 
1/ya.r t'tiQT<'IUIW' 15 Anger (19114) 1 10.0 10.2 16.2 36.4 > 
H yus l'tHJrl'tutu.r 15 Christiansen ( 1973) 1.\.6 I U 21.1 
(I) 
46.0 (I) 
Hyus uraflt!US 15 Christiansc:n ( 197 J) 15.3 12.5 29.2 57.0 > 
1 nadiU.\' dor.l't!llt'll.l'i.f 15 Harlnoll & Mohamc:dec:n ( 19!!7) 4.7 5.2 9.2 19.1 z 0 
\0 1 nuchu.r dor.rt!llt'll.ris IS Hartnoll & Muhamedeen ( 191!7) 4.t> 5.5 10.3 20.4 ""0 
1 nuchus lt!plllcht'iru.r 15 llartno ll & Mohamc:dec:n ( 191!7) 5.7 7.2 ::11:1 0 
Pisu armutu 15 lnglc & C'lark ( 19110) 6.0 4.0 11.0 21.0 0 
M uaupodia rustratu 15 lngle ( 19tl2) 22.30 c: 
HyU.\' ('OUft'IUIU.\' 11! Anger (19114) 1 K. l 7.'J 13.4 29.4 ~ 
Hyas ('t>art·tatu.r Ill Anger ( I'JII4)2 !1.4-'J.J 11-H.I 13.4 29.1!-30.8 0 z 
Hyu.r uruneus Ill Anger ( 191!3) 7-9 K-12 ( 111-2 1) 34-47 0 
H yus l'ti<Jrt'latw· 2() Anger (19114) 1 7.0 6.1J 12.0 25.9 "T'' 
H y u.r coart'tatu.r 20 Christiansen ( 1973) 12.0 7.5 ""0 rn 
1 nuchu.1· dor.rt!l/t!n.l·i.r 20 Hart011ll & Mnhamc:deen ( 19117) 2.0 3.3 5.0 10.3 r-> 0 
1 Cakulated from regressions. (=) 
2 Tabulated values from papers where regressions arc given. r-
> 
::11:1 
< 
> 
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Fig. 5. Brachyuran zoeae. Relationships between carapace lengths and dry weights , comparison of present 
regression (continuous line) with regression from Hirota & Fukuda ( 1985) (broken line) and other published 
values (vertical bars): ( I) Carcinus maenas (dry weights from Dawirs, 1983; Dawirs et al., 1986; carapace 
length from Rice & lngle , 1975a), (2) Hyas spp. (dry weights from Anger, 1984; Kunisch & Anger, 1984; 
Jacobi & Anger, 1985; carapace lengths from Christiansen, 1973), (3) Cancer irroratus (dry weights from 
Sastry. 1979; Johns. 1982; carapace lengths from Sastry, 1977), (4) Menippe mercenan·a (dry weights from 
Mootz & Epifanio, 1974; carapace lengths from Porter, 1960; (5) Chionoecetes spp. (dry weights from Incze 
& Paul, 1983; Incze et al . . 1984; carapace lengths from H aynes, 1973; Incze et al., 1984). 
Few data on the magnitude and causes ofnatural mortality of crustacean meroplank-
ton are available. In this paper the value of Z (0.028) is value calculated by Nichols et al. 
( 1982) from Z1 to ZTV of Cancer pagurus in their survey of the western North Sea. Their 
data indicated highest values at earljest stages and lower values as development con-
tinued . Nichols et al. ( 1987) give a mean Z value of 0.035 for Nephrops norvegicus (L.) 
zoeae in the Irish Sea. The data of Rothlisberg & Miller ( 1983) show higher values of 
0.046 and 0.071 from surveys of larval Panda/us jordani Rathbun in 2 yr while the mean 
inferred from 20 yr of fisheries data was 0.055. It is probable that mortality is highest 
at ecdysis when stress and vulnerability are higher than between moults. Further data 
on mortality under natual conditions are needed to enhance the reliability of estimates 
ofproductjon parameters. The differences in results between incorporating the constant 
value of Z to adjust the parameters for mortality during development and simply 
dividing the numbers of an instar by its development time were small for zoeae at 
summer temperatures in the Irish Sea. The differences were greater for zoeae in the 
spring when temperatures were lower and for megalopae. 
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In the calculation of Pg (Table I, equation 4) growth of an instar is taken as linear. 
This may seem paradoxical when an exponential rate of growth has been calculated and 
used to estimate the initial and fmal weights of the instar. Exponential equations 
accurately describe overall growth as measured by single weight parameters such as 
mean dry weight (Dawirs, 1983) or maximum achieved carbon content (e.g. Dawirs 
et al., 1986) for each instar. However, Dawirs et al. (1986) and Jacobi & Anger (1985) 
showed that intermoult growth in conditions of excess food supply is most rapid 
immediately after a moult and subsequently slows or even reverses in contrast with 
exponential growth the rate of which increases with time. The values of the coefficients 
of the quadratic equations fitted to intermoult growth vary with temperature (Dawirs 
et al., 1986) but the few currently available data do not provide the basis for making 
generalisations applicable to survey data. The linear model for intermoult growth used 
here gives production estimates intermediate between higher values produced by the 
laboratory determined data and lower values derived by assuming exponential growth. 
The dry weights at moult, predicted by fitting an exponential equation to the data of 
Dawirs et al. (1986) for Carcinus at 12 oc assuming that the mean of the tabulated dry 
weight values for each in star was attained at the mid-point of the development time of 
that instar,_are compared with the actual values for late pre-moult and early post-moult 
dry weights in Table IV. This shows that use here of exponential equations to predict 
the weights of newly hatched zoeae and settling megalopae overestimate the weights in 
each case. The use of the same value for the fmal weight of one instar and the initial 
weight of the next instar omits any adjustment for the loss of weight of the discarded 
exoskeleton. Estimates of production of crustacean zooplankton generally assume 
continuous growth (e.g. Ritz & Hosie, 1982; Franz & Diel, 1984) but as further detailed 
studies of crustacean growth become available the discontinuities at ecdysis may be 
incorporated into more precise calculations. The transition from pelagic to benthic is 
taken to occur at the moult of the megalopa but some species may remain pelagic until 
later stages (e.g. Rice & Hartnoll, 1983). 
The results of application of the methods described here to CPR data must be 
qualified by the limitations of the method. Single depth sampling results in the relation-
ship between the numbers per sample and the total population varying as a result of 
interspecific, ontogenetic, diel and seasonal variations in vertical distributions. No 
account is taken of variability of temperature with depth and the effects on development 
TABLE IV 
Carcinus maenas. Comparison of dry weights (jig) at moulting predicted by exponential equation with late 
pre·moult and early post-moult values from the data of Da~irs er al. ( 1986 ). 
Moult 
Predicted 
Late pre-moult 
Early post-moult 
E·ZI 
14.7 
10.6 
ZI-Zil 
22.8 
19.1 
19.0 
93 
Zll-Zlll 
33.5 
29.9 
34.5 
ZIIl·ZIV 
52.2 
54.5 
53.4 
ZIV-M 
92.2 
74.4 
84.5 
M-Cl 
270.7 
138.8 
182.9 
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rates of vertical migrations in thermally stratified waters. Not enough is known of the 
variability of vertical distributions to take account of them in calculations but it is known 
that megalopae frequently tend to live at greater depths than zoeae (RusseU, 1925; 
Nichols et al., 1982; Lindley, 1986; Harding & Nichols, 1987) and therefore a smaller 
proportion of the population of megalopae than of zoeae would be taken at lO m depth. 
Therefore the estimates of the Bs values may probably be smaller in proportion to the 
biomass and production at 10 m than values calculated from samples covering the 
whole depth range. At the other end of the cycle the Bh values were dominated by Hyas 
coarctacus. This is partly because first stage zoeae of Hyas spp. are substantially larger, 
with carapace lengths of~ 0. 9-1 mm than those of most of the other common taxa most 
of which have carapace length of ;::::: 0.5 mm. However, the numbers of first zoeae of 
most taxa were less abundant in the CPR samples than would be needed to give rise 
to the numbers of later stages. This may be a result of differing vertical distributions, 
localisation of hatching in areas not sampled by the CPR with subsequent dispersive 
migration to the CPR routes or lack of temporal resolution, peaks of first zoeae 
occurring between sampling occasions. The results of using the methods with CPR data 
are most likely to be useful in determining the timing of events, large scale temporal and 
spatial variability and estimates of P : B ratios. 
The production values for brachyuran larvae sampled by the LHPR haul taken over 
Great Sole Bank are expressed as rates per day. Lindley ( 1986) has shown that diel 
variations in vertical distributions of brachyuran larvae occur. This means that popu-
lations in situations of complex vertical temperature structure will exhibit growth rates 
varying with time according to the temperatures prevailing at the depths that they inhabit 
at different times. The production values should therefore be regarded as instantaneous 
values for the time of sampling rather than integrated rates over a 24-h period. This 
problem will occur with any sampling in stratified waters. It is notable, however, that 
the daily P : B ratios calculated from these data multiplied by 365 are 24.5 : 1 and 26.6 : 1 
which are very close to the annual values derived from the CPR data from the Irish Sea. 
The methods described in this paper will, therefore, give values which should be 
treated with appropriate reservations as estimates rather than precisely measured 
values . With these reservations the values derived may be used together with the data 
on chemical composition and energy budgets given in many of the papers cited here to 
provide preliminary estimate of, for example, the flux of nitrogen, carbon and energy 
through pelagic larvae of brachyura. 
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SHORT COMMUNICATION 
Regressions for estimating development times of the pelagic larvae 
of Paguridae and Porcellanidae 
J .A .Lindley 
Plymouth Marine Laboratory, Prospect Place, West Hoe, Plymouth, UK 
Abstract. Regressions relating development times of larval instars of pagurids and porceltanids to 
temperature were derived from published data. The correlation coefficients were significant at the 
0.1 % level except those for the megalopae of porcellanids . 
The duration of the pelagic larval stages of benthic organisms influences the 
maximum distances that the larvae can be dispersed (Scheltema. 1986) and 
estimates of production during larval life (Lindley. 1988). Many factors may 
influence the rate of development of the larvae but temperature-dependent 
development times determined in the laboratory have been found to be 
consistent with events in the field (Anger. 1983: Dawirs. 1985). 
The methods of estimating production of pelagic larvae of Brachyura 
(Lindley. 1988) utilized published regressions relating development times to 
temperature. The taxa (genera or species) to which these methods were applied 
have fixed numbers of zoeal stages but many non-brachyuran decapods have 
variable numbers of developmental stages (e.g. Webb. 1919: Lebour, 1930; 
Criales and Anger, 1986) , which precludes the straightforward application of the 
same methods. Most species of the family Paguridae have regular development 
with four zoeal ins tars and a megalopa (or glaucothoe) and most Porcellanidae 
have two zoeal instars and a megalopa . There are exceptions to these 
developmental paths (e .g. Shenoy, 1965; Wear. 1965) but all the western 
European species for which complete descriptions of development have been 
published conform to the normal development paths for these families . No 
regressions relating the development time of these species to temperature have 
been published, although Dawirs (1979) presented graphs fitted to his data , but 
extraction of published data has provided the basis for deriving regressions for 
generalized 'typical' pagurids and porcellanids. 
Data on development times and temperature were extracted from published 
papers. Any data where the temperature variation during the development of an 
instar was > 2°C were excluded . Where a temperature range of < 2°C with no 
mean value was given , the median was used . Development times were also 
excluded when the data indicated heavy mortality during the zoeal stages (e .g. 
Samuelsen (1972) and the data for salinities of 20 and 25%c from Bookhout 
(1964)] . Mean development times were used where they were quoted ; otherwise 
the median of a range of development times or estimates derived from graphs 
were used. The sources of the data included in the sets for derivation of 
regressions are listed in Table I. 
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Table I. Sources of data used in estimating developme nt times of Paguridea and Porcellanidae 
Paguridea 
Anger (1989) 
Bookbout (1964) 
Bookhout (1972a) 
Bookhout ( 1972b) 
Coffin ( 1958) 
Dawirs ( 1979) 
Dawirs ( 1982) 
Fitch and Lindgren (1979) 
Go1dstein and Bookhout (1972) 
Hebeling and Brossi-Garcia ( 1981) 
Konishi and Quinata ( 1987) 
MacMiUan ( 1971) 
McLaughlin and Gore ( 1988) 
McLaughlin et al. (1988) 
McLaughJin et al. (1989) 
Nyblade ( 1970) 
Nyblade and McLaughlin (1975) 
Provenzano and Rice ( 1964) 
Roberts ( 1971) 
Roberts (1973) 
Scelzo and Boschi (1969) 
Tirmizi and Siddiqui (I 980) 
Porcellanidae 
Gore (1968) 
Gore (1970) 
Gore (1971a) 
Gore (1971b) 
Gore (1972a) 
Gore ( 1972b) 
Gore (1973) 
Gore (1975) 
Gore (1977) 
Konishi ( 1987) 
Le Roux (1966) 
MacMillan (1972) 
Pellegrini and Gamba (1985) 
Suelzar et al. (1986) 
Yaqoob (1974) 
The range of temperatures for which data were available was 6- 32°C for 
Paguridae and 14- 30°C for Porcellanidae. 
Intercepts , regression coefficients and correlation coefficients were calculated 
from these data for regressions of development time (in days) of each stage on 
temperature (°C) using all possible combinations of the absolute values and the 
natural logarithms of the two variables. 
The fitted values for the intercepts, regression coefficients and correlation 
coefficients are listed in Table 11. The correlations were significant at the 0.1 % 
level (P < 0.001) for all developmental stages except for the megalopae of 
Porcellanidae . Only eight values at four temperatures between 20 and 30°C are 
available for this stage . 
The development times predicted by these regressions were compared with 
published data where development times were determined under conditions in 
which the temperature varied by > 2°C. The source of these data were Coffin 
(1958, 1960), Provenzano and Rice {1964), Lee and Hong {1970), Nyblade 
{1970) , Hong {1981) and McLaughlin et al. {1988) for pagurids and Knight 
(1966) , Boschi et al. (1967). Yaqoob (1977, 1979a-d) and Tirmizi and Yaqoob 
(1979) for porcellanids. 
The highest correlation coefficients for the Paguridae were those for the 
regressions of Don In Tin all cases. Data extracted from publications describing 
incubations at a temperature range >2.0°C suggested faster development than 
predicted by the regressions in nearly all cases at temperatures <20°C and 
slower development than predicted in many cases at higher temperatures. The 
only data available for pagurid larval development at temperatures < 10°C other 
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Table 11. Regressions of development time (D. days) on temperature (T, 0 C) for zoeae and 
megalopae of Paguridae and Porcellanidae 
ZI ZII ZIII ZIV M 
Paguridae, D =a + bT 
n 33 33 33 33 20 
a 14.57 14.66 15.08 23.88 25 .22 
b -0.426 -0.479 -0.462 -0.831 -0.888 
r -0.678* -0.680* -0.717* -0.729* -0.845* 
In D =a+ bT 
a 2.84 2.97 2.94 3.58 3.51 
b -0.0556 -0.0713 -0.0615 -0.0850 -0.0756 
r -0.623* -0.708* -0.710* - 0.790* -0.825" 
D =a+ bin T 
a 27.61 29.04 28.89 48.73 44.78 
b -7.28 -8.08 -7.78 -13.98 - 12.42 
r - 0.754* -0.748* -0.786* -0.800* -0.859* 
In D =a+ bin T 
a 4A8 4.90 4.64 5.77 5.11 
b -0.924 - 1.129 -0.988 -1.303 -1.034 
r -0.675* - 0.731* -0.743* -0.788* -0.820* 
Porcellanidae. D = a + bT 
n 29 29 8 
a 21.1 26.8 27.9 
b -0.612 -0.719 -0.580 
r -0.825* -0.805* - 0.371 
In D =a+ bT 
a 3.70 3.82 3.90 
b -0.0810 -0.0685 -0.0546 
r -0.841* -0.799* -0.403 
D =a+ bin T 
a 50.6 61.3 59.4 
b -14.0 -16A - 14.3 
r -0.858. -0.831* -0.370 
In D = a+ bln T 
a 7.47 7.00 6.88 
b - 1.81 -1.53 -1.35 
r -0.85s· -0.809* - 0.404 
Values for the intercepts (a). regression coefficient (b) and correlation coefficient (r) are given for all 
possible combinations of absolute values and natural logarithms of D and T. n = number of values . 
• p < 0.001. 
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than those of Dawirs (1980) at 6°C are from Samuelsen (1972) , who hatched and 
incubated zoeae of Pagurus variabilis at 8°C. None of the 46 larvae developed 
beyond ZIII, which suggests that the development times of the ZI (27-35 days , 
mean 29.9) and ZII (24-32 days, mean 29 .6), which were considerably longer 
than those predicted by the regressions , may not be representative of those of 
healthily developing larvae. This species is at the northern limit of its 
distribution in Norwegian waters where Samuelsen collected his ovigerous 
females , so successful development at these temperatures may not be possible. 
However , the fact that the development times at this lower part of the 
temperature range were longer than predicted by the regressions was consistent 
with the deviations shown by the results of incubations where temperature 
varied by > 2°C in that regressions of ln D on ln T provided a better fit to these 
data than any of the other formulae . 
The correlation coefficients for the regression of D on In T were the highest 
for both zoeal stages of the porcellanids. The development times derived from 
incubations where temperature varied by > 2°C did not show any systematic 
relationship to the regressions that would contribute to interpretation of the 
data . As a generalization, the regressions of Don In T provided the best fits to 
the data . Belehradek functions (Belehradek , 1935) , equivalent to regressions of 
In time on In temperature , are frequently used for development times but other 
formulae are also used , e.g. Thompson and Ayers (1989) fitted regressions of In 
days (development time) on temperature to data on the stage duration of larval 
Nephrops norvegicus . The correlation coefficients for linear relationships 
described by D = a + b T were usually the smallest value or third out of the four. 
The regressions presented here do not eliminate the need for further 
experimentally determined data or estimates of development times derived from 
field data but are intended as a means of estimating development times where 
these are not available. 
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DRY WEIGHTS, CARBON AND NITROGEN CONTENT OF DECAPOD LARVAE 
FROM THE PLANKTON 
J.A. LINDLEY 
NaluiaJ Environment Research Council, Plymouth Marine Laboratory, Prospect Place, 
The Hoe, Plymouth, PLI 3DH 
The carapace lengths, dry weights, carbon content and nitrogen content of decapod 
larvae sorted from fresh plankton samples were measured. Regressions for the 
relationships between dry weight and carapace length were determined for each 
infraorder and for lower taxa. Regressions between carbon content, nitrogen content and 
C:N ratio and dry weight were calculated for the different taxa and were compared with 
published data on larvae reared in the laboratory. 
Decapod larvae often comprise a significant component of the zooplankton of estuaries and 
inshore waters (Lindley et al., 1994). Lindley (1988) has presented data on the relationship 
between dry weight and carapace length for brachyuran larvae from the p lankton. Similar data 
for other groups of decapods and additional data and analyses for brachyurans are presented 
here with data on carbon and nitrogen content. Anger & Harms (1990) described the 
relationships between dry weight; carbon and nitrogen content for decapod larvae reared under 
controlled conditions in the laboratory. The results of measurements on specimens caught in the 
plankton in naturally ,·arying conditions provide a comparison with laboratory reared larvae. 
Harms e t al. (1994) compared dry weights and biochemical data for Carci1111S mamas (Brachyura) 
larvae reared in the laboratory with specimens from the plankton off Helgoland. Dry weights of 
the last rn·o zoea stages and the megalopa lan·ae from the plankton were higher. The 
percentage carbon, nitrogen and lipid content were higher in laboratory raised lan•ae which 
were fed on Artemia nauplii than in field specimens or in laboratory reared specimens fed on 
phytoplankton or stan·ed. 
The sources of the plankton samples and the numbers and identity of the lan'ae taken are 
listed in Table 1. The specimens were sorted live from hand-net samples and were identified 
using a stereomicroscope. The lengths from the base of the rostrum to the posterior margin of 
the carapace were measured to the nearest 0.1 mm with an eyepiece graticule. Each specimen 
was washed in deionized water, dried, weighed and analysed for C and N content out as 
described by Williams & Robins (1982). Fewer specimens were available for chemical analysis 
than for the length/weight analysis due to damage or loss (Table 1). Individuals were used 
throughout, as the minimum weight was 20 Jlg, comparable with the values for Calm111s 
copepodite Ill which Williams & Robins analysed individually. 
Regressions were derived from the data at the taxonomic levels at which the specimens were 
identified and for groupings at the infraordinal level (Caridea, Astacidea, Anomura and 
Brachyura). The few thalassinids were grouped with the Anomura. Carbon content and N 
content as a percentage of the dry weights (DW) and the C:N ratios were calculated . 
Regressions of log C weights and log N weights against log dry weights and of C:N ratios 
against dry weights were calculated. The results of these analyses were compared with the 
results of Anger & Harms (1990). 
Regressions relating log dry weight to carapace length and log carapace length for four 
infraorders are lis ted in Table 2. The r2 values for the log/ log regressions indicate no substantial 
impro\·ement over the log/ linear results. However the log/linear regressions overestimate the 
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Table 1. Sources of material: locations a11d dates of sa111pli11g, tile numbers of each group 
measured and in parmtheses 1111111bcrs used for clt?me11tal (( & N) analysis. 
Location 
Plymouth (RV 'Sepia' ) 
Plymouth (RV 'Sepia') 
Celtic Sea (RRS 'Challenger' ) 
Irish Sea (FRS 'Cirolana ') 
Tamar, Carr Green quay 
A 
0 
Date umbers 
26/ 4/82 1 Processidae/ Pandalidae, -+ Galatheoidea (Gn/alilea sp.). 8 
Brachyura (Lioc11rcinus spp.) 
07/ 5/82 2.3 Brachyura (17 Liocnrcinus spp., 5 Necorn pubt.'r, 
1 Cnrcinus mnt.'llns) 
06-20/ 6/83 3 Penaeoidea, 15 (8) Processidae/ Pandalidae, 26 (20) 
Crangonidae, 9 (3) Thalassinidae, 10 (8) Paguridae, 
2 (1) Galatheoidea (Gnlnll!cn sp.). 32 (20) Brachyura 
122 (10) Liocnrci11us spp., 1 (1) Cancer pngu rus, 6 (6) 
Ale/eCljc/us rotunda/us, 1 Goneplnx rlromboides, 2 (2) Elm/in 
spp.l -
9- 21 / 4/ 88 4 (4} Processidae/Pandalidae, 12 (12) Crangonidae, 24 (23) 
Asatcidea (Nrylrrops norPegiws) 24 (23) Paguridae, 1 (1) 
Gala theoidea (Galnllren sp.), 9 (9) Brachyura (Corystes 
l'tlssit~elarm us) 
19/ 9 / 89 5 (2) Galatheoidea (Pisidin longiconris) 
2 3 4 
4 
Cl 
~3 
.c 
·~ 2 
J 
~1 
B 
~0+---+---+---r-~ 
0 2 3 4 
Carapace length (mm) Carapace length (mm) 
Figure 1. (A) Caridea and (B) Anomura: log-linear plots for the relationship between dry weighl <md 
carapace length. 
\\'eights of the smallest and largest Caridea and Anomura (Figure 1 ). The regressions for lower 
taxa were indistinguishable from those at infraordinallevel except in the case of the Anomura 
(with Thalassinidea). The regression coefficient was higher and the intercept lower for 
Galatheoidea than for other anomurans. The pagurid larvae could be separated into gracile 
lan·ae from the Irish Sea (Pngurus benzllnrdus) and more robust specimens from the Celtic Sea 
(mainly P. pridenuxi with some Annpagrmrs laevis). The regressions for subdivisions of the 
Anomura are given below the results for each infraorder in Table 2. 
The C and N content as percentages of dry weights and the C:N ratios of the larvae taken in 
the plankton are given in Table 3 with results from Anger & Harms (1990). C:N ratios were 
higher in laboratory reared Anornura and Brachyura with lower N content in Anomura and 
higher C content in Brachyura. 
Regressions of log C weight and log N weight on log dry weight for the samples from the 
plankton and the results from Anger & Harms (1990) are given in Table 4. There were 
significant correlations between C:N ratio and dry weight in the Caridea, Astacidea and 
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Table 2. Decapod zoea larvae. Range of carapace lengths (CL) mzd dry weights (DW), 
regressions of log dry weight (~tg) (y) on 1, carapace length (mm) and 2, log carapace length 
(mm), (x). r 2 and 11umber of specimens (N) are given (P < 0·001 i11 all cases except for the 
Thalassinidae where (P < O·OV. 
Caridea Astacidea Anomura Brachyura 
CL (mm) 0·8-3·0 2·2-4·2 0·9-3-4 0·5-1·7 
DW (pg) 22-2816 682-3949 20-839 2&-605 
1 y=0·89x+0-97 y=0-36x+2-08 y=0·57x+ 1·24 v= 1-08x-0·89 
r 2=0·82 N =59 r 2=0·87 N =20 r2=0·71 N=55 ~ 2=0-88 N=72 
2 y=3-19x+1 -81 v=2·55x+ 1-97 v=2·35x+1·74 v=2-58x+2·04 
r 2=0-85 ~ 2=0·85 . ' . ' ,-=0·77 r·=0-87 
Thalassinidae Paguridae Paguridae Paguridae Galatheoidea 
(All) (Irish Sea) (Celtic Sea) 
CL (mm) 0·9-1 ·2 0-9-3-4 0·9-H 0·9-2·3 0-9-2-3 
DW (Jtg) 44-120 3-l-839 6+-839 3+-742 20--l61 
2 y=2-73x+ 1·82 v= 1-97x+ 1-86 y= 1-87x+ 1-85 v=2-96x+ 1-76 y=3-70x+1-46 
,2=0-61 N=9 ~=0·85 '=3-t ,2=0-78 . =20 -~ =10 ,2=0·86 '=12 r=0-80 
Table 3. Range of carapace lengths (CL) and dry weights (OW), means and standard 
deviatio11s of the percentage C and N conte11t and of tire C:N ratio for decapod larvae reared i11 
the laboratory (Anger & Harms, 1990) and from the plankton. 
Caridea N Astacidea Anomura Brachyura 
CL (mm) 0-8-3-0 2-2-l-2 0-9-3-4 0·7-1·7 
DW (Jtg) 232-816 682- 3949 20-839 48-605 
Carbon content 
Laboratory 41·0 ± 0·8 50 35-2 :::: 0-7 60 39-0 ± 0-7 185 37·3 ±0-3 476 
Plankton 41 -3 ± 2·8 ns +t 34-2 ± 3·2 ns 20 39-5 ± 2·4 ns 38 34·9 ± 5·2· 28 
Nitrogen content 
Labora to rv 10·9 ± 0-2 50 8·5 ±0·2 60 8·8 ± 0-2 185 8·1 ±0·1 476 
Plankton 10-7 ± 0·9 ns +t 8·1 ±0·8· 20 10·0 ± 1·5 ... 38 8·4 ± 0-8 ns 28 
C:\! Ratio 
Labo ra tory 3-7 ±0·1 50 4-2 ± 0·1 60 4·4 ± 0·1 185 4·6 ±0·1 476 
Pla nkton 3·9 ± 0-4·· 44 4-3 ±0·2 ns 20 -1-o ± o-s· .. 38 4-2 ± OS .. 28 
The significance of the differences calcula ted from 1-tests are indicated by ns, not significant; •, P < 0-05; 
••, P < 0·01; •·•, P<O·OOl. 
Table 4. Regressions of log carbo11 or nitroge11 weights (Jtg) (y) on log dry weight (Jtg) (x) . 
Lnboratory data from Anger & Harms (1990) the plankton data are presmt results. r ~ val11es 
are give11 , P < 0·001 in all cases. 
Caridea 
, 
Astacidea ' Anomura ' Brachyura ' ,- ,- ,- ,-
Carbon 
Labo ra tory y= 1·033x-0--l5 1-00 y=0-963x-0-34 0-97 v=0-986x-0-38 0-99 y=1 -015x-0-46 0-99 
Plankton y= l ·OISx-0-42 1-00 y=1-0-l7 -0-61 0·97 y=0-983x -0 -37 0-99 y=0-998x-0-46 0-97 
Nitrogen 
Laboratory y=1·017x-0·99 1·00 v=0-966 -0-96 0-97 y=0·907x-0-85 0-99 y=0-965x-1-02 0-99 
Plankton y=0-963x-0·89 1·00 y=0·998x-1-09 0-97 y=0·841x-0·6-l 1·00 y=0·967x-1-01 0-98 
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Anomura from the plankton. ln the Caridea this was due to declining percentage N content 
with weight in the Crangonidae. Changes in the percentage of C and N with increasing weight 
of Astacidea were not significant, so the change in the ratio may have been artifactual. ln the 
Anomura regressions of percentage Nand C:N ratio on dry weight were significant. This can be 
attributed to secondary lecithotrophy, megalopas of pagurids are non-feeding and depend on 
lipids accumulated during the last zoeal stage (Anger, 1989). Most of the anomurans included in 
the elemental analysis were pagurids (Table 1). Regressions of N and C:N on dry weight for 
laboratory reared Anomura differed significantly from the results for Anomura from the 
plankton (laboratory reared C:N=0·0016±4·02 DW; plankton C:N=0·0017±3·53 DW). With 
these exceptions the results support the conclusion of Harms et al. (1994) that laboratory results 
can be applied to field populations. 
The work was presented as a poster at the conference 'The Biology of Crustacea' held at the 
University of Plymouth, 13 April 1996. 
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322 NOTES AND NEWS 
A ~E~L-\ TODE PARASITE I:'\ A ZOE.-\ OF PISIDIA LO.\"GICOR \IS 
LI:\:\AECS 1767 ' (DECAPOD.-\ . . -\:\O~ICR.-\' 
BY 
J. ALIST AIR LI:\"DLEY 
:\"a1ura l Em·ironmenl Researc h Council , Plymou1h ~[arine Laborawry. Prospec1 Place . The H oe. 
PlymouLh . De,·on. PLI 3DH . Cni1ed f-:.in gdom 
An an isakine nematode . es timated to be -l-.8 mm to tal length. was found in a 
second zoea of Pisidia longicomis of carapace length from base o f rostrum to 
base of posterior carapace spines I . 9 mm. The nematode was situated dorsally 
in the pos terior '2 f 3 of the cepha lothorax " ·ith the tai l apparen tly blocking the 
base of the right posterior carap ace spine. 
The zoea ,,·a taken in a sample collected during a tow of a continuous 
plankton recorder , H ardy. 1939 J between Grimsby and Aberdeen from :\1. \ '. 
'·Astrea· · t~or-Cargo Group .-\/S a t 5-l-0 08'.:\' 00°01'\\' on 8 August 1989. This 
posi tion was at the front between tida lly mixed water to the south a nd ther-
mally stratified water to the north ' Lindley et a l.. in press). The sampl e, 
Crustarrana 1)3 f3) 1992. E.J. Brill , Leiden 
Ill 
r 
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con ta ining the plankton retained from 3 m·3 by a 280 J..lm aperture mesh during 
16 km of tow, included 1165 decapod larvae of which 996 were P. longicornis; 
I I 3 first zoeae 7 59 second zoeae and 124 megalopas. 
Theodorides ( 1989) has reviewed the literature on parasites of marine zoo-
plankto n but there are no previous records of Nematoda from decapod larvae 
or from the calyptopis or furcilia !anal stages of euphausiids. 
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